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1. SCOPE

1.1 purpose. This specification sets forth the general
requi rements for the design, manufacture, 1yallty control, and
testing of novi ng mechani cal assenblies to be used on space and
| aunch vehicl es.

1.2 Application This specification isintended for
reference in vehicle or equipnent specifications, to incorporate
those requirements which are common to nost noving mechani cal
assenblies for space and |aunch vehicles. The requirenents
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stated are a conposite of those that have been found to be cost
effective for hl%h reliability space and launch vehicle
applications. The requirements covered by this specification
are applicable to the nechanical or electromechanical devices
that control the novement of a mechanical part of a space or
launch vehicle relative to another part. They include, but are
not limted to, deploynent mechanisns, sensor mechani sns,

poi nting nechani sns, drive nechanisns, despin nechani sns,
separation nechani sns, nomentum and reaction wheels, control
moment gyros, ginbals, and other nechanisns required to perform
specific functions. The requirenents apply to the overal

movi ng nmechani cal assenbly as well as to the actuators, notors,
springs, dampers, |inkages, |atches, bearings, clutches, cans,
booms, ginbals, slip rings, gears, and instrunmentation that are
an integral part of these nechanical assemblies. \Wen this
specification is used as a reference document to specify general
requi rements for noving mechanical assenblies to be used on

| aunch vehicles, injection stages, reentry vehicles, or other
vehicles, the term "space vehicle" is to be interpreted as the
appl i cabl e vehicle.

2. APPL| CABLE DOCUMERNTS -
2.1 Govermment Documents

2.1.1 w_ﬂgﬁgﬁwm The
follow ng specifications, standards, and handbooks form a part

of this specification to the extent specified herein. Unl ess
otherw se specified, the issues of these documents shall be
those listed in the issue of the Departnment of Defense |ndex of
Speci fications and Standards (DoDISS) and suppl enent thereto,
cited in the solicitation.

SPECI FI CATI ONS

Federal
QQ-N-290 Ni ckel Plating (El ectrodeposited)
QQ-C-320 Chrom um Pl ating (Electrodeposited)
QQ-S-763 Steel Bars, Shapes, and Forgings,
Corrosion Resisting
Military
ML-M3171 Magnesi um Al l oy, Processes for Pretreatnent —

and Prevention of Corrosion on



M L- G 5541

M L- H 5606

M L- H 6083

M L- H 6088
M L-I-6868
M L- H 6875

ML-F-7179

ML-S-7742

MIL-M-860Y

M L- A- 8625

M L-S- 8879

DOD- E- 8983

M L-S- 13572
M L-M 13786

M L- M 13787

MIL-C-26074
M L- M 45202
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Chem cal Conversion Coatings on A um num
and Al um num Al | oys

draulic Fluid, Petroleum Base;, Aircraft
ssile and Ordnance

@/draul ic Fluid; Petroleum Base:
or Preservation & Qperation

Heat Treatnent of Al um num All oys
I nspection Process, Mgnetic Particle

Heat Treatnment of Steel (Aircraft Practice),
Process for

Fi ni shes and Coatings, Ceneral Specification

for Protection of Aerospace \Wapons Systens,
Structures and Parts

Screw Threads, Standard, Optinum Sel ected
Series, Ceneral Specification for

Motors, Direct Current, 28V System Aircraft,
CGeneral Specification For

Anodi ¢ Coatings, for A umnumand A um num
Al loys

Screw Threads, Controlled Radius Root with
| ncreased M nor Dianeter, Ceneral
Speci fication for

El ectroni ¢ Equi pnent, Aerospace, Extended
Space Environnent, General Specification for

Spring, Helical, Conpression and Extension
Motors, Fractional Horsepower, Direct Current
and Universal (For Communication and O her
El ectronic and Special Mlitary Applications)
Motors, Alternating Current, Fractional
Hor sepower, Squirrel Cage (For Conmmunication

and O her Electronic and Special Mlitary
Appl i cati ons)

Coatings, Electroless N ckel, Requirenents

Magnesi um Al l oys, Anodic Treatnment of



M L- H 81200
M L-B-81793

DOD- W 83575

DOD- E- 83578

STANDARDS:
Eederal
FED- STD- 209

"
M L- STD- 29

M L- STD- 453
M L- STD- 889
M L- STD- 1246

M L- STD- 1515

M L- STD- 1522

M L- STD- 1540

M L- STD- 1547

M L- STD- 1568

M L- STD- 6866
M5- 33540
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Heat Treatnment of Titanium and Titani um All oys

Bearing, Ball, Precision, forlnstruments
and Rotating Conponents

Wring Harness, Space Vehicle, Desi ?n
and Testing, General Specification for

Expl osive Ordnance for Space Vehicles,
CGeneral Specification for

G ean Room and Wirk Station Requirenents,
Controll ed Environment

Springs, Mechanical: Drawing Requirenents for
Radi ographi ¢ | nspection Methods

Dssimlar Mtals

Product C eanliness Levels and Contam nation
Control Program

Fasteners for Use in the Design and
Construction of Aerospace Mechanical Systens

Standard General Requirenments for Safe Design
and Operation of Pressurized Mssile and
Space Systens

Test Requirenments for Space Vehicles

Electronic Parts, Materials and Processes
for Space and Launch Vehicles

Materials and Processes for Corrosion
Prevention and Control in Aerospace Systens

I nspection, Liquid Penetrant

Safety Wring and Cotter Pinning, General
Practices for
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HANDBOCKS:
{15
M L- HDBK- 5 Metallic Materials and El enents for Aer ospace

Vehicle Structures

M L- HDBK- 17 Pl astics for Aerospace Vehicles - Part 1,

Reinforced Plastics; - Part |1, Transparent
dazing Materials

M L- HDBK- 23 Structural Sandw ch Conposites
M L- HDBK- 217 Reliability Prediction of El ectronic Equipnent

DCD- HDBK- 263 El ectrostatic Discharge Control Handbook for

Protection of Electrical & Electronic Parts,
Assenblies and Equi pnent

2.1.2 v W]

i . The following ot her government docunents,
drawi ngs, and publications forma part of this specification to
the extent specified herein. Unless otherwi se specified, the
i ssues shall be those ineffectonthe aate of the solicitation.

SP-R- 0022 Vacuum St abi I tg/ Requi renents of Polyneric
Materials for Spacecraft Applications
( NASA JsC)

MSFC- SPEC-522  Stress Corrosion Cracking Control
(NASA MSFC)

NHB 1700. 7 Safety Policy and Requirements for Payloads
l(JSNIAg%) the Space Transportation System (STS)

(Copies of specifications, standards, handbooks, draw ngs,
publications, and other governnent docunents required by
contractors in connection with specific acquisition functions

shoul d be obtained from the contracting activity or as directed
by the contracting officer.)

2.2 Qher Publications The follow ng docunment(s), forma
part ofthis specification to the extent specified herein.
Unl ess otherwi se specified, the issues of the docunents which
are DoD adopted shall be those listed in the issue of the DoDISS
specified in the solicitation. Unless otherw se specified, the
I ssues of docunments not listed in the DobisS shall be the issue

of the nongovernnent documents which is current on the date of
the solicitation.
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AMVERI CAN GEAR MANUFACTURER S ASSCCI ATI ON ( AGVA)

AGVA Handbook Anerican Gear Mnufacturer's Associ ation
Handbook

(Application for copies should be addressed to AGVA, 1500 King
St., Suite 201, Alexandria, VA 22314)

ANTI - FRI CTI ON BEARI NG MANUFACTURERS ASSOC!I ATI ON (AFBMA)

AFBVA St andar ds AFBVA Standards for Ball and Roller
Bearings and Balls

gAgplication_for copi es should be addressed to AFBVMA, Suite 700,
101 Connecticut Ave.N W, Washington, D.C 20036)

(I'ndustry association specifications and standards are normally
available for reference fromlibraries. They are also _
distributed among technical groups and using Federal agencies)

2.3 ﬁ%dﬂL_QL_Ezsggdsang_ In the event ofa conflict
between the text ofthis specification and the references cited
her ei n, hethext of this specification shall take precedence.
n thi
e la
d

Not hi ng i s specification, however, shall supersede

i
applicable laws and regul ations unless a specific exenption has
been obt ai ne

3. REQUI REMENTS

: qui ighti . The requirements
stated herein are a conposite of the designs, itenms, and
practices found to be cost effective for high reliability noving
mechani cal assenblies usedin space vehicles. Because of the
broad scope of the requirenents stated herein and the w de range
of applications, all re$U|renents stated are not of equal
i mportance or weight. hey have been divided into four
categories ofinportance, ranging fromrequirements that are
I nposed on all applications to exanples of acceptable designs,
itens, and practices. The relative weighting of requirenents is
an inportant consideration when tailoring the specification to
specitic applications and in making trade studies of
alternatives (see 6.1). The weighting factors that are
incorporated 1n the specification are:

a. Weiahting factor "a* "Shal | " designates the nost
i nportant weighting ievel, the mandatory
reguirenents. Unl ess specifically tailored out or
modi fied by the contract, they constitute the firm
contractual conpliance requirements. Any
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deviations from the contractually imposed
mandatory requirements requires the approval of
the contracting officer (see 6.2.3).

b. Weiahtina factar *k°*. “Shall, where
practicable, = designates the second weighting
level. Alternative designs, items, or practices
may be used for specific applications when the use
of "t he alternative is substantiated by documented
technical trade studies. These trade studies
shall be made available for review when requested
or provided to the government in accordance with
the contract provisions. Unless required by other
contract provisions, deviations, from the “shall,
where practicable” requirements do not require
approval of the contracting officer.

C. Weighting factor"c® “Preferred” or ‘should”
designates the third’weighting level. Unless
required by other contract provisions, deviations
from these preferred requirements do not require
approval of the contracting officer and do not
require documented technical substantiation.

d . Weighting factor =d®". “May” designates the lowest
weighting level. 1In some cases these " may
requirements are stated as exanples of acceptable
designs, itens, and practices. Unless required by
ot her contract provisions, deviations from t he
‘may” requirements do not require approval of the
contracting officer and do not require documented
technical substantiation.

3.2 Genera)l Desian Requirements.

3.2.1 selection of Parts, Materials, and Processes.
Unless otherwise specified in the contract, the parts,

materials, and processes shall be selected and controlled in
accordance with contractor established and docunented procedures
t 0o satisfy the requirements specified herein. The selection and
control procedures shall emphasize quality and reliability to
meet the mission requirements and to minimize total life cycle
costs for the applicable system. Electronic parts shall be JAN
Class S‘or in accordance with ML-STD-1547. An additional
objective in the selection of parts, materials, and processes
shal | be to marimize commonality and thereby minimize the
variety of parts, related tools, and test equipment required in
the fabrication, installation, and maintenance of the vehicle.
However, identical electrical connectors, identical fluid
fittings, or other identical parts shall not be used on a space
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vehicle where inadvertent interchange of the items or
interconnections could cause possible malfunction. The parts,
materials, and processes selected shall be of sufficient proven
guality to allow the space equipment to meet the functional
performance, reliability, and strength requirements during its
life cycle, including all environmental degradation effects.
Parts, materials, and processes shall be selected to ensure that
any damage or deterioration from the space environment, or the
outgassing effects in the space environment, will not reduce the
performance of the space vehicle beyond the specified limits.

3.2.1.1 Materials.. Matrrials shall, where practicable, be
selected that have demonstrated their suitability for the
intended application. Inherently fungus-inert materials shall be
used, where practicable. Combustible materials or materials that
can generate toxic outgassing or toxic products of combustion
shall not be used if cost-effective alternatives exist.

Materials shall, where practicable, be selected for low
outgassing in accordance with SP-R-0022 (NASA JSC). The total
mass loss in 24 hours shall be less than 1 percent, and the
collected volatile condensable material shall be less than 0.1
percent when heated in vacuum (0.0001 Torr) to 125 deg C (257
deg F) and collected at 23 deg C (73 deg F). The hygroscopic
nature of many materials such as ester lubricants, composites,
electroformed nickel, and anodic coatings for aluminum should be
recognized if they are used, since they emit water in a vacuum
and therefore may be unsuitable for some applications.
Analytical contamination models shall be used to evaluate
performance impacts of outgassing on adjacent critical
equipment. Swelling and shrinkage characteristics of materials
shall be shown to be within acceptable tolerances under worst
case humidity and temperature cycling.

Metals shall be corrosion resistant, or shall be suitably
treated to resist corrosion when subjected to the specified
environments. Protection of dissimilar metal combinations shall
be in accordance with MIL-STD-889. Care shall be exercised in
the selection of materials and processes in accordance with
MSFC- SPEC- 522 and M L- STD- 1568 to avoid stress corrosion
cracking and brittle fracture failure modes, and to preclude
failures induced by hydrogen embrittlement. For example,
aluminum alloys 2020-T6, 7079-T6, and 7178-T6 shall not be used
for structural applications. The use of 7075-T6é, 2024-T3,
2024-T4, and 2014-T6 sheet material less than 6.3 mllineters
(0.25 inches) thick is allowed, provided short transverse
stresses (design, attachment, assembly, thermal, and residual)
are below acceptable stress corrosion limits and corrosion
protection systems are provided. Other forms of 7075 shall be
heat treated to the ~T73 or -T76 temper.
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~ The following alloys and heat treatnents shall not be used
in applications where the tenperature exceeds 65 deg C (149 deg
F): 5083-H32; 5083-H38; 5086-H34; 5086-H38; 5456-H32; and
5456-H38. Heat treatnent of alumnumalloy parts shall be in
accordance with ML-H6088. Heat treatment of steel parts shal
be in accordance with ML-H 6875. Heat treatnent of titanium
and titanium alloys shall be in accordance with M L-H 81200.

Al high strength steel parts heat treated at or above 1241
megapascal s fl 0,000 pounds per square inch) ultimate tensile
strength shall include appropriate test specinens from the same
heat of material as the part. These test specinmens shall
acconpan% the parts through the entire fabrication cycle to
ensure that the desired properties are obtained. Wien acid
cleaning baths or platin Processes are used on high strength
steel parts, the parts shall be baked at 190 deg C (374 deg F)
for not less than 23 hours follow ng such processes to alleviate
hydrogen enbrittlement problens.

Materials with low fracture toughness in the predicted
oEeratlng envi ronment, such as that exhibited by sone plastics,
shall not be used. Materials which are susceptible to cracking
due to shock |oads, or shock |oads conbined wth [ow
tenmperatures, shall not be utilized near any pyrotechnically
act uat ed devices.

To mnimze possible interactions w th experiments or with
the earth's magnetic field, magnetic materials shall be used
only where necessary for equipnent operation. For space
vehicles that will operate at altitudes above 1000 kil ometers
(621 nautical mles), insulating materials or finishes having a
resistivity greater than 10 megohmmeters shall not be used
except in apE;lcatlons where charge buildup will not be
excessi ve. cept for honeyconb panels, wall thickness of sheet
metal and wall thickness on conposite parts shall, where
practicable, be greater than 0.5 millineters (.020 inches) to
mnimze the possibility of handling damage. Honeyconb shall be
vented to prevent excessive blowoff forces in vacuum

3.2.1.2 surface Treatments. Any surface treatnents or
coatings used shall be such that conpleted conponents shall be
resistant to corrosion. The design goal should be that there
woul d be no harnful corrosion of the conpleted conponents or
assenbl i es when exposed to noderately humid or mldly corrosive
environments while unprotected during manufacture or handling,
such as possible industrial environments or sea coast fog that
could be expected prior to launch. Harnful corrosion shall be
construed as being any type of corrosion which interferes with
meeting t he specified perfornmance of the equi pnent orits
associated parts. Protective nethods and materials for
cleaning, surface treatment, and applications of protective
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coatings shall be in accordance with MIL-F-7179. Cadmium and
zinc coatings shall not be used. Chromium plating shall be in
accordance with QQ-C-320. Nickel plating shall be in accordance
with QQ-N-290 or MIL-C-26074. Anodic treatment of aluminum and
aluminum alloys shall be in accordance with MIL-A-8625. Anodic
treatment of magnesium shall be in accordance with MIL-M-45202.
Corrosion protection of magnesium shall be in accordance with
MIL-M-3171. Chemical films for aluminum and aluminum alloys
shall be in accordance with MIL-C-5541.

3.2.2 Deplaxahlar  Deployables (see 6.2.6) shall, where
practicable, be designed so that they are self supporting when
placed in any orientation relative to gravity, while in either
the stowed or deployed configuration. Deployable5 shall be
designed with sufficient motive force to permit full operation
during ground testing without depending upon the assistance of
gravity to demonstrate deployment. Off-loading devices to
simulate a zero-g condition are allowed so that the deployable
does not have to act against the force of gravity. The
deployables shall utilize redundancy, where practicable, in the
design to improve the reliability of deployment. Techniques
such as redundant springs or the use of a back up deployment

device shall be considered to satisfy this requirement. Where a —

device rotates after dePonment, as in sun tracking solar
arrays, the design shall be, where practicable, such that the
center of gravity of the device is coincident with the axis of
rotation to preclude the need for counterbalancing during
functional testing. For all deployables, the deployment motion
shall, where practicable, be controlled or restrained for the
full range of travel. A controlled deployment may be provided
by a motor and gear drive mechanism or other suitable means. A
restrained deployment may be provided by a spring and damper
drive mechanism or other suitable means. For al 1 deployables,
rebound of the deployable after contacting the stops should be
minimized. Kick-off springs or other suitable devices shall,
where practicable, be used to initiate deployment motion. These
springs shall have a stroke long enough to ensure complete
disengagement of the deployable from its retention mechanism.
Field joints shall be provided, where practicable, to permit
disassembly of all deplcyables from the space vehicle and to
permit disassembly of rotating or translating elements from the
remainder of the deployable to facilitate testing or replacement
of parts. Deployables which require discrete sequential
motions, each initiated by separate pyrotechnic events, shall
have either the primary initiation of each event separately
ground commanded or shall have a backup ground command for each
event. Where cables (nonelectrical) are used in the deployment
mechanism, they shall be adequately guided and supported by
fairleads. All pulleys shall utilize pulley guards which extend
to the tangency points of the cable. Where operational

10
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acceleration loads are applied to a deployed assembly, such as
those generated by space vehicle spin or propulsion forces, the
design should preferably be such that the accelerations tend to
drive the deployable into its deployed latched position.

3.2.2.1 SequentialDeployment Where two or more
deployables are used on a space vehicle, the deployment of one
shall not be dependent upon the successful deployment of the
other, unless this sequential method of operation is
unavoidable. Where this sequential dependency cannot be
avoided, and the deployable that could be obstructed is mission
critical (see 6.2.4), a fully redundant release device and fully
redundant or backup deployment mechanism shall be provided for
the deploe/able which, by its failure (see 6.2.8) could prevent
successful deployment of the mission critical deployable.

3.2.2.2 Retention and Release Devices.

3.2.2.2-1 Gepneral. Positive retention provisions shall
be provided for deployables in the stowed and in the deployed
positions. The effects of deflections such as those induced by
centrifugal forces or differential thermal growth of any
deployable with respect to its space vehicle attachments shall
be considered in the design of the attachments. Devices that
may be subject to binding due to misalignment, adverse
tolerances, or contamination shall not be used. Slip joints
shall be avoided, where practicable. Flexures, four bar
linkages, or other types of pivotal linkage are preferred.
Self-alignin% features, such as self-aligning bearings and rod
ends, shall be used, where practicable, to preclude binding of
pivoting elements. Continuous hinges, such as piano hinges,
shall not be used for large deployable panels. Pyrotechnically
actuated devices, motor driven devices, or other suitable
techniques may be used to retain the deployable in the stowed
position. Release mechanisms which permit ejection of parts
away from the space vehicle shall be avoided, where
practicable. The design of latching devices shall be such that
peaking of resistance near the end of travel of the deployable
Is minimized. Leaf spring latches which become the primary
element for reacting deployment or deployment rebound loads
shall be avoided, where practicable. Catches using a permanent
magnet as the holding element shall be avoided, where
practicable. The design and materials used for the retention
devices shall be such that the stresses are maintained
sufficiently below the fatigue endurance limit to avoid fatigue
failures due to cyclic design load levels and environmental
exposure. Retention and release devices shall be designed to
preclude cold welding and friction welding (see 6.2.2). For
surfaces that slide or separate during operational use, the
contact pressures at the interfaces shall be minimized

11
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consi st ent with providing adequate ascent stiffness. These
surfaces shall be fabricated from appropriate materials and
lubricated so as to prevent galling or seizure. \Were contact
areas may be reduced fromthe nomnal as a result of tolerance
buil d-up, the mninmm area which coul d occur shall be used in
determining contact pressure.

3.2.2.2.2 Pin Pullers Were pin pullers are used, such
as cartridge actuated or &explosive pin pullers, they shall be
designed to be in double shear. The design, installation, and
checkout procedures for pin pullers shall ensure that |oads due
to msalignment ofthe pin are within design limts. A mninum
retraction force nargin of safety of 100 percent at worst case
environmental conditions and under worst case tolerances shall
be maintained for all nonexplosive pin pullers. Functional
margins of cartridge actuated pin pullers shall comply with
DOD-E-83578. Where the force margin of safety cannot be met
with a release device, such as a pin puller, in the direct path
of the primary |oad, designs which utilize the mechanica
advantage of a linkage to reduce the |oads on the device may be
used. el ease devices, such as pin pullers, shall have
sufficient stroke so t hat conplete release is attained under
worst case t ol erances and environnental conditions. As a
mnimm pinpullers shall xzetract at least 2 mllinmeters (.o8
i nches) beyond the point of release calculated under worst case
dimensional tolerances and environnental conditions. Redundant
rel ease devices shall be used, where practicable. An exanple is
a toggle rel ease nechani sm where activation of either pin puller
permts rel ease.

. 3.2.2.3 cartridge Actrudiel Peviceg Cartridge actuated
devi ce designs and their application shill conply with
DOD-E-83578. Redundant pyrotechnic devices shall be used, where
practicable.

3.2.2.4 Test Fixturas.. The fixtures to be used to assist
in the fabrication and testingofthe depl oyabl es shall be
designed in conjunction wth the deployable device to ensure
conpatibility. Wwere it is inpractical to design the depl oyable
to support itself ina one “g” field, supplemental supports may
be employed for test purposes. These supplemental supports
shall be designed so that their influence on the operation of
the mechanism is minimized. The test fixtures shall
incorporate, where practicable, provisions to measure torque Vs
angle and time vs angle, or equivalent linear measurements for
linear devices. Where practicable, test fixtures shall have
interlocks or other safety features incorporated to preclude
damage to the moving mechanical assembly or deployable in the
event of testing malfunctions. Tethersand supports shall be
incorporated as backup features to preclude damage in the event
of failure.

12
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3.2.3 Bearings. For deployables, hinges, and linkages,
self-aligning bearings shall be used, where practicable, to
preclude binding due to misalignments. Bearings shall not be
used for ground current return paths or to carry electrical
current. All ferrous material bearings shall employ, where
practicable, a corrosion-resistant steel that is in accordance
with QQ-S-763. Rolling element bearings shall, where
practicable, be of 440C stainless steel; however, 52100 or M50
steels may be employed providing they are suitably protected
from corrosion (see 3.2.4). Rolling element bearings shall have
a minimum hardness of Rockwell C58. Ball bearings used in
applications where low torque ripple is required or where
fatigue life is critical shall, where practicable, be fabricated
of consumable electrode vacuum melted (CEVM) material.

3.2.3.1 Ball Bearings Bearings used in critical
applications such as reaction wheels, control moment gyros,
gimbals, de-spin mechanisms, and pointing devices shall meet
ABEC 7, 7P or 7T tolerance or better in accordance with the
AFBMA Standards. Nonstandard bearings or thin sectioned
bearings where AFBMA tolerances do not apply shall have the
manufacturers precision level most nearly equivalent to ABEC 7.
Bearings used in noncritical applications such as one time use
deployables, shall, where practicable, meet ABEC 5 or better.
Stainless steel bearings shall, where practicable, also be in
accordance with MIL-B-81793.

3.2.3.1.1 Design and Selection. Ball bearing selection,
mounting, and preloading shall be based on the following design
considerations:

a. Maximum combined axial, radial, and moment loads
sustained during ground handling, launch, on
orbit, or other operational modes

b. Stiffness requirements
C. Effects of temperature, temperature gradients,

fits, tolerances, and initial preload on torque,
stiffness, and life

d. Lubrication
e. Wear
f. Smoothness of operation (torque ripple)

g. Friction torques, considering breakaway and
running, in the installed state

h. Reliability and life

13
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The design of each ball bearing installation shall be
substantiated by analysis and either development tests or previous
usage. The materials, stresses, stiffness, fatigue life, preload,
and possible binding under normal, as well as the most severe
combined loading conditions, and other expected environmental
conditions shall be considered. Alignments, fits, tolerances,
thermal and load induced distortions, and other conditions shall
be considered in determining preload variations. An analysis of
the effects of fits and temperatures shall be performed where the
preload value is critical to meet either life, friction, or
stiffness requirements. Bearing fatigue life calculations shall
be based on a survival probability of 99.95 percent when subjected
to maximum time varying loads. Appropriate correction factors
shall be included to account for the selected bearing materials
and lubrication parameters. Bearing retainer design shall
provide an acceptable contribution to bearing friction torque and
torque variation. For noncritical applications, such as most
deployables, if nonquite running is acceptable, the mean Hertzian
contact stress shall not exceed 2758 megapascals (400,000 psi)
when subjected to the yield load. During operation, the mean
Hertzian stress shall not exceed 2310 megapascals (335,000 psi).
The bearings shall be designed.to withstand the ultimate load
without fracture. The yield and ultimate factors of safety shall
ne as specified in 3.4.1.5.

3.2.3.1.2 Bearing Applicationgs Reauitina Quiet Operation or
Low Torque Rippla .Gorothese applications, in addition to the

requirements of Paragraph 3.2.3.1.1, bearing races and balls
shall be designed so that stress levels are below the levels that
would cause unacceptable permanent deformation during application
of ascent loads. Where ball bearing deformation is required to
carry a portion or all of the space vehicle ascent loads, and
where smoothness of operation is required on orbit, the mean
Hertzian stress levels of the bearing steel shall not exceed 2310
megapascals (335,000 pounds per square inch) when subjected to
the yield load. The upper and lower extremes of the contact
ellipses shall be contained by the raceways. The stress and
shoulder height requirements of the races shall be analyzed for
both nominal and off-nominal bearing tolerances. For subsequent
analysis and for quality control, these bearings shall be
serialized and measurements critical to their operation shall be
recorded. Depending on the application and its requirements,
consideration shall be given to recording preload, low speed
torque, inside diameter, outside diameter, radial play or control
angle, curvatures, raceway roundness, ball size and roundness,
raceway surface finishes, and hardness.

3.2.3.1.3 Reuse of Bear-. The design of bearings that
are to be used for a number of flights shall be substantiated by
analysis and either development tests or previous usage.
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3.2.3.1.4 Bearina Alignment. Run-out tolerances on shaft
and housing diameters and shoulders shall be established in
accordance with the needs of the application and the sensitivity
of the bearing to misalignment. Bearings requiring stringent
control of alignment include:

a. Thin section, large diameter bearings

b. Preloaded bearings

c. Bearings operating continuously at speed
d. Bearings requiring low torque ripple

e. Bearings that oscillate

Overall misalignment of inner plus outer rings of these
bearings shall, where practicable, not exceed 0.3 milliradians.
Other bearings shall, where practicable, have overall
misalignment not exceeding 1 milliradian.

3.2.3.2 Other Bearing Types Selection of other bearing
types such as roller, needle, or’journal, shall be based on the
following design considerations:

a. Maximum combined axial, radial, and moment loads
sustained during ground handling, launch, on
orbit, or other operational modes

b. Temperature excursions and thermal gradients

C. Effects of temperature on fits and tolerances

d. Stiffness

e. Lubrication

f. Smoothness of operation

g. Friction torques

h. Reliability over the design life

The design of each bearing installation shall be
substantiated by analysis and either development tests or
previous usage. The materials, stresses, stiffness, fatigue
life, preload, and possible binding under normal, as well as the
most severe combined loading conditions, and other expected
environmental conditions shall be considered.
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3.2.4 Lubricants. Lubrication shall be provided by
greases, liquids, solid film lubricants, or a combination of
either grease or liquid with solid film lubricants, soft metallic
films, or sacrifical cages (for ball bearings) for al | contacting

surfaces having relative nmotion. The selection of |ubricants for
moving mechanical assemblies shall be based on the following
considerations:

a. Coefficient of friction

b. Lubrication property changes in storage or in a
vacuum envi r onnment

C. Depletion and wear out

d. Operating temperature limits

e. Creep properties

f. viscosity vs temperature properties

g. Pressure coefficient of viscosity (ball bearings)

h. Outgassing that could cause contamination such as

on optical or thermal control surfaces (see 3.2.1.1)

i Corrosion protection

j. Possibility of polymerization, particularly due to
hi gh contact pressures or contam nants.

K. Protection against cold welding and friction welding

1. Cleanliness

m. Run-in requirements such as rate of speed, load,

andtime duration

n. Any requirenents for denonstration of the
suitability of the lubricant in a simlated space
envi r onment

0. Any requirements ofother environments such as
humidity and salt spray

p. Compatibility of the lubricant with other
materials, particularly other lubricants if used

The lubricant chosen shall not cause detrimental effects on
the moving mechanical assembly during or after operation at
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ambient conditions. The vent paths from all liquid lubricants
shall be designed such that the outgassing products do not
impinge directly on critical surfaces. The selection of the
lubricant for use in the critical moving mechanical assembly
shall be based upon development tests of the lubricant that
demonstrate the ability of the lubricant system to provide
adequate lubrication under all specified operating conditions
over the design lifetime. The lubricant selected, and the
processes used in cleaning parts and applying the lubricant
shall be delineated. Lubricants used with M50 or 52100 gear
materials shall include corrosion inhibitors which prevent
corrosion when the assembly is humidity tested in accordance
with Paragraph 6.4.9 of M L- STD-1540.

3.2.4.2 Rolling Element Bearings In_moving mechanical
assemblies wutilizing grease or liquid’'lubrication in rolling

element bearings, the lubricant film thickness shall be
maximized consistent with the following:

a. The lubricant selected

b. The range of operating conditions including load,
torque, speed, and temperature

C. Bearing parameters such as size, number of balls,
and ball size as they relate to weight and vol ume
constraints.

Bearings operating in the boundary lubrication regime, i.e.,
contact of asperities, shall be avoided, where practicable. If
bearings must be operated in the boundary lubrication regime, a
boundary lubricant with good anti-wear characteristics shall be
used. Perflourinated polyether and silicone lubricants should
be avoided in this regime except where light loads and limited
travel are expected. Where bearing lubricant reservoirs are
used, the reservoir shall be attached, where practicable, to an
area of relatively high temperature to enhance molecular and
surface flow into the bearing. Barrier films or shielding or
both may be used to separate the bearing from the reservoirs to
minimize surface migration such as that caused by loss of
lubricant due to wicking action of the reservoir. Incorporation
of the above techniques dictates that the lubricant transfer
mechanism be primarily by molecular flow. The preferred
approach to lubrication of bearings involves placing the
reservoirs in intimate contact with the bearing races and adding
a larger amount of lubricant than would be ordinarily required
to provide acceptable lubricant films. The above method of
lubrication is preferred providing that any increase in churning
torques can be tolerated. The design adequacy of the lubricant
transfer mechanism shall be substantiated by analysis and either
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development tests or previous usage. This analysis shall take
into account the test results and, as applicable, the effects of
"zero g”, position and surface area of the reservoir,
temperature gradients, venting, reservoir material, amount of
lubricant stored in the reservoir, surface migration, pressure,
free molecular flow, material surface roughness, porosity, and
capillary action. Bearing lubrication tests and supporting
analyses shall be used to show that the chosen lubricant
transport mechanisms such as surface migration, vaporization,
and wick action provide effective lubricant films over the
expected operating temperatures, thermal gradients, and internal
environments. If providing adequate life of beari ngs depends on
their operatin in an elastohydrodynamic (EHD) lubrication
regime (see 6.2.7) and not in the boundary lubrication regime,
and it can not be clearly shown by analysis that the bearing
operating range is well within the regine, then a test method,
such as contact resistance measurements, shall be used to
establish that an EHD film is being generated. In general, the
lubrication system variables that should be substantiated by
component development tests include, as appropriate, amount of
lubricant, retainer design, reservoir design, and the reservoir
proximity to the areas requiring lubrication. When liquid
lubrication is used, the design shall ensure that migration of
the [ ubri cant through the seals is not excessive or detrimental
to the space vehicle.

3.2.4.3 Dry Film Lubricatiage ..Application of dry film
lubricants to the surfaces of bearings, V-band clamps, coil
springs, leaf springs, clock springs, constant force springs,
gears, or other items shall be by an appropriate process.
Bonding, peening, sputtering, vacuum depositing, ion plating, or
any other process that provides a predictable, uniform, and
repeatable lubricant film may be appropriate. Composite
materials containing dry film lubricant in their composition may
be used in appropriate applications. Where appropriate, dry
film lubricants should be burnished to provide a uniform film
that reduces the coefficient of friction from the *"as applied”
condition and minimizes the generation of lubricant powder.
Corrosion resistant materials shall be used in bearings
employing dry film lubricants. Consideration shall be given to
protection of molybdenum disulfide dry film lubricants from
adverse affects due to exposure to atmospheric humidity.
Testing in a humid environment shall, where practicable, either
be avoided or minimized.

3.2.4.4_Hard UCo- I-lard coatings such as titanium
carbide, titanium nitride,*and chromium may be used to extend
life, reduce wear, prevent welding, reduce friction, and to
prevent corrosion either with or without a liquid or dry film
lubricant. These coatings shall be applied by an appropriate
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process, such as ion inplantation or chem cal vapor deposition,

that assures that the coating wll not flake off under maxi mum
stress.

3.2.4.5 Hydraulic Flujds Fluids used in hydraulic
systens shall be in conformance with ML-H 6083 or M L-H 5605.

3.2.5 Brush and Slip Ring Assemblies. Electrical brushes
and s]iP ring assenblies shall utilize interface ?eonetry and
materials that have dennnstrated_satlsfactory_Per ormance in
ggound testing or space applications with simlar requirenents.

rushes that are nomnally all carbon shall not be used.
El ectrical brushesshall be lubricated either by dry film

| ubricant that is aconposite with the brush material or by a
liquid lubricant that is inpregnated into the brush material or
retained in the area ofthe brush. Electrical brush and slip

ring design shall be based on, but not limted to, the follow ng
consi derati ons:

a. Brush and slip ring interface geonetry

b. Contact forces

c Wear rate of brushes and rings

d. Contact force control over the service life
e. Zero “g* effects

f. Mat eri al s used for t he brushes and the rings

g. Sur face speeds
Outgassing

I Sealing provisions

3. Control or contai nnent of wear debris

K. Debris barriers or traps to prevent ring-to-ring
or ring-to-case shorts

L El ectrical current density

m Vol t age | evel
n. Brush-to-ring contact resistance

0. Brush-to-ring electrical noise
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P. Tenperature
q. Cont act area
r. Lubri cation
S. Prevention of corrosion between the ring and brush
t. The ability to conduct accelerated testing

~ Design verification testing of brushes and commutator or
slip ring assenblies shall be conducted to denonstrate that the
lubricant is not significantly deteriorated or driven fromthe
areas requiring lubrication by adverse thermal, gravity forces,
orot her conditions; and that wear rates, wear debris,
el ectrical noise level, friction torque, and lubricant loss are
conpatible with design requirenents.

3.2.6 Electrical and Electronic. Electronic equi pment
shall be in accordance wth DOD-E-8983. Miring external to
equi pnent encl osures shall be in accordance with DOD- W 83575.
Where wiring harnesses cross a noving or rotating interface, the
installation drawi ngs shall define dinmensions including |oop
sizes an3 distances to attachments, if applicable. Attachnment
clanps shall be rOV|ded_suff|C|entI¥ close to any |oops so that
movenent of the harness into the path of notion of the moving
mechani cal assenbly cannot occur under any conditions. Wre
bundl es crossing a noving or rotatln?_|nterface shal | not
contain strain-energy elements specifically added to assi st
deployment. Al netal parts of the noving nechanical assenbly
shal I" be appropriately grounded to vehicle structure so t hat
charge build-up in space and shock hazards on the ground can be
mnimzed. The total current drawn from the power source during
each node of operation shall be determned to preclude
I nadvertent electrical overloads. These determ nations or
nmeasurenents shall be nade at the mninum nomnal, and naxi mum
vol tage ofthe power source, and under the nost severe
environmental conditions. Overload protection, when required,
shall be a part ofthe space vehicle electrical power contro
subsystem A capability shall be provided to reset power
di sconnects by ground conmand.

—

3.2.7 Electric Motors. Alternating current notors shal
conformto ML-M13787. Direct current notors shall conformto
M L-M8609 or ML-M13786. For long term space application,
brushl ess notors are preferred for their durability.
Applications for conventional brush commutated notors shall
consi der lubrication, wear, input voltage range, and ~
el ectromagnetic interference conpatibility. \Were applicable,
the notor and its controller should be designed to provide
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adequate position and rate feedback for a local closed loop
control system.

For applications where the motor performance is critical to
the mission success, the design shall be based on a complete
motor characterization. The motor characterization shall
include rotor inertia, friction and damping parameters, back-EMF
constant or torque constant, time constant, torque
characteristics, speed versus torque curves, thermal
dissipation, temperature effects, and, where applicable,
analysis to demonstrate adequate margin against back driving.
For applications where the motor is integrated into a higher
assembly, the motor characterization shall be performed at the
motor level prior to the integration.

Where motors are operated at high duty cycles, the design of
the motor mount shall accommodate the heat transfer from the
motor case to surrounding structure.

3.2.7.1 Sstepper Motors. For applications where limited
speed, inherent holding capability, or discrete step motion is
required, brushless permanent magnet stepper motors are
preferred. In cases where the magnetic holding capability of
the motor is used to hold the load in position, the design shall
be based on the detent torque at each discrete rotor position
for both the clockwise and counterclockwise direction. If the
magnetic detent torque of the stepper motor is marginal to hold
the load, trickle current may be applied to the motor winding
when it is not energized. The trickle current should be
disconnected when the motor is energized to reduce its effect on
running torque. Detent torque margin may be assessed by
considering the approximately sinusoidally varying electrical
torque over a 4 step interval. Detent torque should change only
if there is a change in shaft position. Under dynamic
conditions, step integrity rather than torque margin should be
the design criteria used to accommodate the range of conditions
desired (load inertia, compliance, and resistive torque). Where
stepper motors are used to drive a load, pulsing the stepper
motor at a repetition rate that is at or near the natural
frequency of the load shall be avoided. Variable rate stepping
should be avoided due to the difficulties in analyzing and
demonstrating performance. Where other methods are practicable,
stepper motor detent torque should not be used as holding torque
to prevent backdriving of redundant drives.

3.2.7.2 Torque Motors. For applications where smooth
operation, precise position control, high speed, or high torque
is required, permanent magnet, brushless, direct current torque
motors are preferred for their efficiency. For brushless torque
motors, electronic commutators such as the Hall effect sensor,
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resolver, and optical encoder have been successfully used for
space applications. Where smooth operation is required, cogging
torque should be minimized. When a redundant motor is mounted
ona comon shaft with the primary motor, the effect of one
motor failure on the other motor should be minimized.

3.2.7.3 Direct Current Brush Motors . NDirect current

brush motors may require special design and brush selection to
avoid arcing or dust generation in both partial and high vacuum,
as well as during ground testing. In particular, selection of
brush motors should be avoided where operation at very low
temperatures is required or where service is other than
intermittent. Care should be taken to avoid use of motors with
insufficient commutation segments which wusually result in high
brush wear. Guidelines and requirements for brush assemblies
are provided in Paragraph 3.2.5.

3.2.7.4 other Motor Types. Cther notor types are not to
be excluded, but their applicability for space use may be

limited. For example, reluctance motors have a high weight to
torque or power ratio, series wound direct current motors have
low efficiency, and shunt direct current motors have low
starting torque.

3.2.8 Sprirre  Helical springs shall be in accordance
with ML-S-13572 and M L-STD-29. Helical compression springs
are preferred to helical tension springs. Helical compression
springs shall, where practicable, be encl osed or otherwise
captivated to prevent buckling, and to provide motive power even
if broken. The attachments for retaining leaf springs shall be
designed to reduce stress concentrations by such features as
rounding of sharp corners or keeping mounting holes away from
highly stressed areas. Spring design shall consider fatigue
life and the effects of temperature on spring performance. To
reduce the possibility of a reduction of potential energy due to
creep, springs which are stored in a stressed condition shall be
designed to maintain stress levels below the material
proportional limit. Redundant springs, capable of working
independently, shall be used in all applications, where
Bracticable. When minimum friction is desirable, springs shall
e dry film Ilubricated. The dry film lubricant shall be
selected to avoid corrosion, and shall not contain carbon or
powdered metal.

3.2.9 Dampers. Dampers may be utilized to absorb energy
of impact of deployable devices at the extremes of travel or to
limit the rate of travel during the entire travel period.
Deformable material, viscous dampers, or eddy current dampers
are preferred to coulomb friction type dampers, which accomplish
energy dissipation by the rubbing of two surfaces. Redundant
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dampers should be incorporated or a backup mechanism provided,
to prevent a damper from becoming a single point failure mode.

3.2.9.1 Deformable Material Dammars.. The use of
crushable material or the plastic deformation of soft metals to
absorb energy 1S Ilimited to single use applications. The design
shall permit inspection and replacement of the deformable
material following ground tests. The design shall consider the
effect of the deformable material tolerances on the final
position of the mechani sm with respect to its desired position.

3.2.9.2 \liscous Dampexs. Visraus damper fluids shall be
maintained to at least a cleanliness of Level 200 as defined in
MIL-STD-1246. All viscous dampers shall be vacuum filled to
preclude entrapment of air. Filters shall be used in viscous
dampers unless they are incompatible with the viscosity of the
fluid being used or the design of the damper. The calculation
of the force or torque margin in assemblies with viscous dampers
shall include, but not be limited to, the seal friction due to
nmechani cal conpr essi on  of elastomers, fluid pressure on the
elastomers, and possible changes in static and dynamic friction
due to storage time. The design shall make appropriate
provisions for changes in f1uid volume and viscosity wth
t enper at ur e. As am ni mum, dampers shall either incorporate
redundant seal s or be hermetically enclosed to prevent leakage
during the entire on-orbit life of the space vehicle. In rotary
damper applications, the loads should be balanced around the
damper output shaft to mnimze radial loadss. When dampers are
used on deployables, it may be necessary to provide thermal
controls to achieve the desired damping characteristics. In
such cases, the damper may be mounted within a thermally
controlled portion of the space vehicle or damper-mounted
heaters may be used. Danpers used on depl oyabl es shoul d be
designed ‘to {)row de less danping at the beginning of deployment
than toward the end of the deployment cycle. Preference shoul d
be given to designs utilizing large orifices or clearances and
high viscosity fluids to minimize flow restriction due to
contaminants or particulate matter.

3.2.9.3 Eddy Current Dampers. Eddy current dampers shall
be designed to provide the required damping over the design
temperature range. Where practicable, redundant rotating
surfaces should be provided. Depending on the design and
substantiating test data, it may be necessary to control the
damper temperature to maintain its damping rate within the
desired range. In that case, the damper may be mounted within a
thermally controlled portion of the space vehicle or
damper-mounted thermal control heaters may be used. Eddy
current dampers may be designed to provide different damping
rates by misaligning the magnets. If the damper is designed to
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provide an adjustable damping rate, it should be designed with a
positive lock for launch conditions to prevent the damping rate
from drifting out of the selected position.

3.2.10 Gear&. All gears used in moving mechanical
assemblies shall be in accordance with the standards of the
American Gear Manufacturers Association. The Ilubrication
requirements of Paragraph 3.2.4 are applicable to gears.
Hunting tooth (see 6.2.10) gear ratios shall be used, where the
application is appropriate, to distribute wear. For better
protection of the gear teeth, the through hardness or surface
hardness or both may be increased, and the surface finish of the
teeth improved through grinding, honing, lapping, and
pre-run-in. The through hardness may be increased by material
or heat treatment changes. The surface hardness may be
increased by nitriding, carburizing, induction hardening, or
anodizing. Undercutting of spur gear pinions should be
avoided. Spur gear designs which have greater recess action
than approach action are preferred. Spur gear contact ratios
should be greater than 1.4 for power transmission gearing.
Cantilever gear shaft mounting should be avoided in order to
reduce nonuniform tooth face load distribution. Aluminum gears
are not recommended, except for light duty, limited life
application where tooth wear and the coefficient of thermal
expansion can be accommodated, and where compatibility with the
selected lubricant can be established. An anodization process
may be used to improve wear resistance for acceptable aluminum
gear applications, provided that contact stresses will not cause
the coating to crack. Gear tooth patterns should be checked on
first assembly to establish that the pattern is well centered
over the tooth flank, and that edge loading is not present.

3.2.10.1 Design and Selection Gearing design and
selection shall be based on the foilowing design considerations:

a. Tooth pitting, Brinelling, and bending stresses under
nominal and peak operating loads

b. Impact tooth loads from maximum combined axial, radial,
and moment loads sustained during ground handling,
launch, on orbit, or other modes

C. Backlash

d. Precision including position errors and transmission
errors (smoothness of motion) (see 3.2.10.3)

e. Stiffness

f. Inertia
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g. Lubrication

h. Effects of temperature and temperature gradients on
guality of lubrication and gear contact pattern

. Effects of tooth geometry on specific sliding and wear
j. Friction and friction variation (torque ripple)
k. Undercutting and tooth profile modifications

1. Gear mounting, misalignment, face load distribution,
and variation in operating center distance

m. Materials, manufacturing and heat treatment processes,
and finish coatings

n. Service life, duty cycle, failure modes, and reliability

3.2.10.2 Harmonic Drives. A harmonic drive is a _unique
form of gear transmission that provides high gear ratio and

torque capability in a compact configuration with minimum
position error. Typically, a harmonic drive consists of a
circular epline, a wave generator bearing, and flerspline. The
harmonic drive shall be designed so it is not subjected to loads
that cause ratcheting. Each element shall meet the applicable
requirements stated herein. For example, the wave generator
bearing shall meet the requirements of Paragraph 3.2.3. For
long life applications, sufficient lubricant shall be provided
to the bearings and to the gear teeth to ensure proper operation
throughout the life cycle.

3.2.10.3 precision Gearg. For precision gears, such as
in fine pointing mechanisms, anti-backlash gearing shall, where
practicable, be used. For critical applications, AGMA quality
level 12 or better should be considered (see AGMA Handbook).
Where gears are required to be matched sets, they shall be
identified and marked as such.

3.2.11 Faivenrs and Locking, Fastening systems shall be
in accordance with MIL-8TD-1515. Threaded parts shall be in
accordance with ML-S-7742 or MIL-S-8879. A minimum engagement
of five full threads is required for threaded attachments; or
for through bolts, the threaded ends shall protrude a minimum of
two full threads beyond the end of the nut. Screw sizes smaller
than 3.6 millimeters (No. 8) in diameter shall be avoided, where
practicable. Where there are areas which may be sensitive to
debris generated during assembly of threaded parts, blind holes
should be considered. Tolerances shall be controlled to prevent
threaded parts from bottoming in blind holes. The types, sizes,

25



M L- A- 83577B ( USAF) -
01 FEB 1988

and quantities offasteners used should be m nim zed.
Consi deration should be given to the frequency of access or use
when selecting the type of fastener.

3.2.11.1 Locking Devices., Positive [ogkin? devi ces shal

be used on all fasteners. Preferred positive [ocking devices
are bent tab washers, cotter pins, safety wire, self-locking

t hreads, or self-locklng provi sions by neans of plastic materia
contained in the nut, bolt, or screw Self-locking nuts are
preferred to bolts or screws that contain plastic material for
use as a locking device. \Were other |ocking devices are
practicable, |ocking conpounds shall not be used on fasteners to
provi de | ocking. so, |ocking conpounds shall not be used in
areas where excess conpound could migrate to surfaces which nust
remain free to move. Self-locking devices which depend upon an
interference fit between netallic threads shall be avoided,
where practicable, in applications where particul ate _

contam nation nay cause damage or degradation to the equipnment
or vehicle. Were preload in fasteners is critical, strain
gauges, crush washers, orequivalent techniques shall be used,
where practicable, in lieu of torque wench setting of the
preload. Safety wiring and cotter pins shall be in accordance
with Ms-33540. Drawings shall clearly depict the safety wiring
met hod and configuration used. Through bolts or screws wth

| ocknuts are preferred to threaded inserts. Threaded inserts
shal| be used in applications that require tapped holes in

alum num nmagnesium plastic, or other naterials that are
susceptible to galling or thread damage. \Wen self-1Iocking
features are used, the screw length shall be sufficient to fully
engage the |ocking device with a mnimmof tw turns under

wor st case tolerances. \Wen self-locking features are used, an
al l owabl e range of run-in torque, or the maxi mum nunber of
reuses that would still ensure an adequate |ock, shall be
specified. Spring type or star type lock washers shall not be
used. Adjustable fittings or mounting plates which use

oversi zed holes or slotted holes to ﬁrov!de_adjustnent shal | not
be dependent upon friction between the fitting or nounting plate
and the nounting surface to provide locking. D amond type
serrations shall not be used.

3.2.11.2 Pivots., Wen the shaft of a bolt is used as a
rotating element in a rotating joint, a castle nut with cotter
pin, or a locknut with defornmed threads shall be used for
retention of the bolt. The grip length of the rotating bolt
shal| ensure that sufficient end play is provided to preclude
bi nding. Wien the shaft of a bolt is used as a fixed pivotal
element in a rotating joint, the bolt shall either be a shoul der
bolt or the bolt shall pass through a spacer. The grip length
ofthe shoul der bolt or the length of the spacer shall ensure
that sufficient end play is provided to preclude binding when

“—
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the self-locking nut is tightened. Split or rolled
spring-action pins shall not be used as pivots for rotating
joints. Where split or rolled spring-action pins are used in
other applications, a positive means of retaining the pin, such
as staking the edges of the hole, shall be utilized. Locking

compounds shall not be used as the retention method for pivot
pins.

3.2.11.3 Snap Rings, Snap rings shall be avoided where a
more positive means of retention can be used. Snap rings shall
not be used to retain pins in linkages or other applications
where there is a possibility that moment loads may be imposed on
the snap ring. Where snap rings are used in the presence of dry
film lubrication, care shall be taken to ensure that no dry film
lubricant is deposited in the groove for the snap ring. New
snap rings shall be used each time the assembly, or portion
thereof which includes the snap ring, is disassembled and
reassembled.

3.2.12 §tops. Mechanical stops or shoulders and
associated attachments shall be designed to a structural yield
factor of safety, based on static analysis, of at least 2.0 for
maximum impact loads that occur upon full extension, actuation,
or stopping of moving mechanical assemblies. Impact lovads shall
account for uncertainties in model parameters, analysis
methodology, and any other effects such as amplifie inertia
loads that may be transmitted through gear trains. |If it can be
shown-that the dynamic analysis inherently accounts for dynamic
load amplification as a result of the impact, ordinary factors
of safety as specified elsewhere in this document may be used.
The design shall ensure that the stop transients do not
overstress gear teeth or drive mechanisms. A snubbing
arrangement which dissipates energy may be provided where
necessary to reduce the impact forces. Adjustments shall be
provided in linkages and stops to ensure that the travel of the
moving mechanical assembly is not restricted before contact with
the stop by tolerance buildups, thermal distortions, and other
uncertainties.

3.2.12 Structure. Structural design of each moving
mechanical assembly shall be based upon a load analysis, stress
analysis, fatigue analysis, and the substantiating test
program. Fracture mechanics analysis shall be performed if the
brittle failure mode cannot be avoided in the design. The
stress analysis shall include considerations of structural
stiffness, elastic or plastic deformations, and thermal
distortions. The design shall possess sufficient strength,
rigidity, and other necessary characteristics required to
survive all loads and environmental conditions that exist within
the envelope of mission requirements, and to meet any alignment
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constraints or pointing accuracy requirenents that may be

i nposed for successful performance of the system  The assenbly
shal | survive these |oads and environnments in a manner that doés
not reduce the probability of the successful conpletion of the
mssion. The structure shall be designed to have sufficient
strength to withstand sinultaneously the yield |oads (see
6.2.17), applied tenperature, and other environmental
conditions, W thout experiencing gross yielding ordetrinental
deformation. The structure shall be designed to w thstand

simul taneously the ultinate |oads (see 6.2.16), applied
tenperature, andother environnental conditions w thout

col lapse. Refer to Paragraph 3.4.1.5 for acceleration |evels,
yield and ultimate factors ofsafety, and nmargins ofsafety, and
to Paragraph 3.6.3 for fitting factors. Material strength and
ot her mechani cal and physical properties shall be selected from
M L- HDBK-5 and MIL-HDBK-17 or from contractor test val ues,
where appropriate. \Wen contractor test values are used, theK
shal | be based on a sufficient number oftests to establish the
mechani cal properties on a statistical basis. Allowable
material strengths used in the design shall reflect the effects
of load, tenperature, and time associated with the design
environment. The following material strength allowabl e val ues
shal | be used:

a. For single load path primary structures, the A
val ues I n MIL-HDBK-5 shal |l used.

b. For multiple |oad Eath and secondary structures,
the B values in ML-HDBK-5 may be usSed.

The loads shall be derived by considering all worst case
operational conditions such as |ift-off, ascent, ignition
shut down, depl oyment, reentry, and vibration conditions which
may be induced by the | aunch vehicle or injection stage. In
addition, orbital l[oads which nay be induced by thernal _
conditions, spin up, separation, inpulsive forces, propulsive
variations, nutation, wobble notions, or other control system
associ ated conditions shall be included.

3.2.12.1 Nonmetallic Structural Materials,

3.2.12.1.1 Fiber-reinforced Composite Material _
Proper.jas. Conposite material strengths, and other nechanica
or physical properties, shall be selected fromreliable sources,

such as MIL-HDBK-17 or data determ ned in approved contractor
devel opment test prograns.

The anisotropy of typical |amnated conmposite structura

el enents shall be accounted for when establishing |amnate
material properties and failure modes. The laminate strength
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and other mechanical properties used shall be appropriate for

the critical structural modes of failure and environmental
conditions.

For cases where applicable material properties do not exist,
testing is required to establish such values. The variability
of small coupon specimen properties and the scaling to full-size
composite structure shall be addressed to establish realistic
design properties. In particular, the potential effects of low
interlaminar strength, the lack of ductility, local yielding,
and sensitivity to impact and handling damage shall be addressed
in the critical regions of the structure. omposite primary

structures shall be acceptance proof tested at minimum loads of
1.1 times the design limit loads.

3.2.12.1.2 Adhesives and Polymers. Mechanical and
physical properties of adhesives and polymers shall be selected
from authorized sources of reference such as MIL-HDBK-23 or data
determined in approved contractor development test programs.
Nonmetallic structural material shall be selected from JSC-07572
or verified for acceptability by methods of SPEC-SP-R-0022.

3.2.12.1.3 Allowables for Nonmetallic Materials. The
design allowables basis for primary and secondary nonmetallic
structure shall correspond with ®“A® and *B* levels,
respectively, as defined in MIL-HDBK-5, wherever possible. For
fail-safe primary structure, the "B* values may be used. In
special circumstances where design data at the requisite
statistical level are not available, the contractor may, with
pob approval, conduct special limited data acquisition tests to
establish S-basis (test basis) allowables. Under these
circumstances, an acceptance proof test is mandatory.

3.2.13 Pressurized Compopents. Pressurized components
shall be in accordance with MIL-STD-1522.

3.2.14 Instrumentation. Sufficient diagnostic
instrumentation shall be developed and provided, where
practicable, as part of the moving mechanical assembly to
determine the mode of failure should an on-orbit failure occur.
These may be such devices as strain gauges, temperature sensors,
pressure transducers, position indicators, potentiometers,
switches, tachometers, accelerometers, or current monitors.
When an electrical motor, other than a stepper motor, is used,
the motor current shall be instrumented so that torque can be
determined during development, acceptance, and qualification
testing. Deployables shall, where practicable, have stowed and
deployed position switches to indicate both release of the
deployable from its restraining mechanism and end of travel or
latching position. Potentiometers may be used to provide data
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on intermediate positions. Where switches are used as indicating
devices for deployables, the design of the switch mounting and
the switch orientation shall be such that maladjustment of the
switch shall not prevent full travel of the deployable to its
deployment stop. In no case shall the direction of actuation of
a switch be the same as the direction of motion of the
mechanism, i.e., motion directly into the switch so that the
switch can be damaged by misadjustment. Cam operated switches
using ramps are preferred where the final position of the switch
on the ramp is incapable of depressing the switch further than
its normal operating range. Where switches are used, levers or
other suitable devices shall be provided to decrease the
sensitivity to adjustment of the switch and to ensure that
sufficient overtravel is provided after actuation of the
switch. Switches shall be hermetically sealed. Sufficient
on-orbit instrumentation shall be provided to measure critical
temperatures and to detect off-nominal thermal conditions.

3.2.15 Test Points and Test Parameters Test points
shall be provided to accommodate a continuity of critical test
parameter measurements from component acceptance tests through
subsystem tests, vehicle acceptance tests, prelaunch checkout,
and on-orbit test measurements. Test points shall be provided,
where practicable, as telemetry points on connector pins. The
test parameters shall be chosen to provide assurance of
satisfactory equipment performance and to isolate faults should
they occur. The parameter test limits shall be established such
that the measurements are made to an expanding accuracy
tolerance that avoids the possible rejection of equipment which
has passed tests conducted at lower levels of assembly. The
on-orbit instrumentation and measurement techniques shall be
used during ground tests to provide a data base that would
permit parameter traceability with respect to variations in
environmental conditions.

3.3 Performance.

3.3.1 Error Budget for Precisiop Contro]l Assemblies. For
moving mechanical assemblies used in pointing applications where

precision control is necessary, the error budget shall include
performance errors due to misalignments, deflections, dynamic
loads, thermal distortions, control system transients, steady
state errors, friction, friction noise (friction or torque
variations), friction hysteresis, structural and mechanical
hysteresis, backlash, drive motor ripple, and other error
sources as applicable.

3.3.2 Failure Modes and Effests Required performance
and reliability shall be ensured based upon a failure modes,

effects, and criticality analysis (see 6.2.9). The failures to
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be considered shall include, but are not limited to, power
outage, low voltage conditions, damper leakage, binding or
excessive frictional loads, increase in friction noise,
overtemperature conditions, excessive temperature gradients,
failure of limit switches, partial or complete deployment
failure, and structural failure in the moving mechanical
assembly. During the preliminary design phase, an initial
failure node analysis shall consider providing redundancy in the
design to achieve the required reliability. Failure modes
established for the moving mechanical assemblies shall be used
as a basis for selecting in-flight telemetry monitoring points

to be used for ground diagnostic analysis should an anomalous
condition occur.

3.3.3 Bingle Poj nt. Thwmag,. Single point failure modes
for moving mechanical assemblies and their component parts shall
be avoided, where practicable. This requirement may be
implemented by such means as use of redundant springs or motors
in deployment mechanisms so that failure of one spring or motor
does not prevent full deployment and latching. Where redundancy
is provided, the redundant portion of the moving mechanical
assembly shall be in accordance with all the requirements of
this specification. Where single point failure modes are
unavoidable, or their avoidance is not practicable, the
contractor shall ensure a satisfactory design based on an
assessment of the mishap risk, and appropriate substant_iating
analyses and tests. The assessment and anal yses shall incl ude:

a. An estimate of the reliability for the design life
of the mechanical assembly.

b. An assessnent of the risk involved should the
moving mechanical assembly fail.

C. An assessment of the penalty to the space vehicle
by incorporation of redundancy or backup modes of
operation. The assessment shall include
consideration of complexity, safety, reliability,
weight, volume, and electrical power.

3.3.4 Dynamic P e r - Adequate servo stability
margins, acceptable structural’rigidity including resonant
frequency and damping characteristics, and acceptable
interactions with the spacecraft control system shall be ensured
for each moving mechanical assembly by appropriate dynamic
analysis. The analysis shall i ncl ude dynam c | oading effects
and any effects due to changes in mass properties, momentum
balance, or transient torques during operation of the moving
mechanical assembly or operation of the space vehicle.
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3.3.5 Qff-nominal Operation. The sensitivity of the design
and operational performance to changes in various parameters shall

be considered and minimized in the design. The design sensitivity
should be substantiated by analysis or tests conducted to
determine the effects of various off-nominal parameters which are
beyond design requirements. These off-nominal parameters shall
include, but not be limited to, such items as higher dynamic
response of surrounding structure, higher and lower speed of
motors, higher and lower velocities of deployables, varying duty
cycles, misalignments, friction due to contamination, overload and
heating of motors due to stalling, inadvertent spin up of the
despun portion of dual spin space vehicles, inadvertent spin-up of
3 axis controlled space vehicles, higher and lower spin speeds of
spinning space vehicles, higher and lower nutation frequencies
associated with spinning space vehicles, unsymmetrical deployment
of solar arrays, transient overvoltage, high and low bus voltage,
power down modes, and off-nominal environmental conditions
including such changes in environmental conditions as those caused
by a delay in deployment of a device until a subsequent ground
station contact.

3.3.6 Margins. Moving mechanical assemblies shall be
designed with the highest practicable torgue margin or, for linear
devices, the highest practicable force margin. Two components of
margin shall be considered: (a) the static torque or force margin
which. applies to the torque or force required to overcome drive
resistance and (b) the Kkinetic margin which applies to the torque
or force required to impart acceleration.

Deployable devices shall have torque or force margins
consistent with the requirements of Paragraphs 3.3.6.1 and 3.3.6.2
at any-position of the deployment range. Minimum available
driving capability and maximum load determination shall be
verified through an appropriate test program; each element of
resistance shall be characterized in this test program. Where
moving mechanical assemblies are driven by electrical motors,
(except stepper motors) a torque versus current relationship for
each motor under minimum, maximum, and ambient thermal conditions
shall be established. The performance sensitivity of moving
mechanical assemblies to environmental variations such as
temperature, pressure, acceleration, vibration, and radiation, if
appropriate, shall be evaluated and the torque or force margins
verified for the most critical regions of operation.

In spring driven mechanisms where redundant springs are used
instead of a backup deployment mechanism, the mechanism shall have
a positive torque or force margin for a one-spring-out case based
on combining worst case conditions. In the event of a broken
spring, the remaining system margin estimate shall include
resistive forces or torques which could be generated by the broken
spring.
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3.3.6.1 static Ig;gnﬁ or Force Margin. The static nargin
(see 6.2.14) depends on the mninmumdriving torque or force and
maxi mum static resisti n? torques or forces. Mnjinum avail able
driving capability shall be determ ned by including the worst
case conbi nation of such itens as supply voltage, tenperature,
motor and control ler parameters, and m ni num avail abl e drive
torque or force, all of which act so as to mnimze the drive
output capability. Mxinmm static resistance determ nation shall
i nclude the worst case conbination of such itens as static
friction, alignnment effects, |atching forces, wire harness | oads,
danper drag, and variations in lubricity, including degradation
or depletion of lubricant under vacuum and worst case thermnal
conditions. To avoid operational problems and to account for
uncertainties, the initial design mninum acceptable static
torque or force margin, based on conbining worst case conditions,
shall be higher than actually required as a final value, as
indicated in Table I. For those cases where high confidence does
not exist in the determ nation ofworstcase |oad or driving
capability, a margin considerably higher than that required in
Table | nmay be appropriate.

TABLE I. Required Static Torque or Force Margin
Verses Program Phases

PROGRAM PHASE QU RED TORQUE

RE
OR FORCE MARG N

Concept ual Design Review 175 percent
Prelimnary Design Review 150 percent
Critical Design Review 125 percent
Accept ance/ Qual i ficati on Test 100 percent

3.3.6.2 Kinetic Torque or Force Margin. The Kkinetic )
torque or force margin (see 6.2.11) depends on the minimum drive
capability available to accelerate a specified inertia or mass
at a specified rate. The kinetic torque or force margin shall
be greater than 25 percent, where practicable. However, it
should be recognized also that excessive margin requirements may
be detrimental in the design of some systems. The minimum drive
capability shall be based on that portion of the drive output
available after overcoming the maximum friction, wire bundle,
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and other resistance in the system The drive system shall be
sized to accelerate the inertia ormass specified in the design
specification. =~ Typically, values ofinertia and nass specified
in design specifications include allowances for system growh
over the duration of a program |In those cases where inertia_ or
mass growth exceed the initially estimted val ues, consideration
shoul d be given to reducing the accel eration requirenents.

3.3.7 Tolerances Tolerances on all parts used in noving
mechani cal assenblies'shall be established to ensure that
adequate clearances are maintained under all environmentally
i nduced conditions, including thermally induced distortions.

3.4 EnziLgnmgntal_ngsign_xesniﬁsmenta To provide a
desi gn factor of safety or margin, the noving nechanica
assenblies shall be designed to function w thin performance
5ﬁe0|f|gat|ons when exposed to environnmental |evels that exceed
the maxi mum | evel s predicted during its service life by the

specified margins. The maxi num predicted environments shall be
determned in accordance with the definitions in M L-STD 1540.

- 3.4.1 Launch Environment. The equi pnent shall be
designed to function wthin perfornmance specifications after
exposure in the launch configuration to the maxi mum launchor
other nonorbital service environnents. These environments
include tenperature, vibration, acoustic noise, shock,
accel eration, atnospheric pressure, humdity, and electrica
storns with associated radiation.

- 3.4.1.1 Temperature. The design shall be capable of
wi thstanding thermal environnents during |aunch preparations and
| aunch which are between 10 deg C (18 deg F) above the maxi mum
predicted tenperature and 10 deg C (18 deg F) bel ow the m ni mum
predicted tenperature.

- 3.4.1.2 Random Vvibration or Acoustic Noise Arandom
vibration environnment that is 6 decibels (dB) above the maxi num
predicted levels shall beused to provide the required design
margin of safety. This design environnent shall be considered
to persist for three times the exposure duration associated with
environmental anplitudes that are greater than one half the
maxi mum predi cted environnental anplitudes, but for not less
than three nminutes, along each of the three orthogonal axes. An
acoustic design environnent that is 6 @B above the naxi num
predicted |evels shall be used instead oft he mechanical
vibration environment for conponents where nechanical vibration
woul d not sinulate inposition of the service environment. These
corponents are characterized by large ratios of surface area to
volume.
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3.4.1.3 Sinusoidal Vibration. In some cases hi gher
frequency sinusoidal vibration may be present, caused, for
exanpl e, by unstable conbustion or inbalances in rotating
equi pnent . In those cases the design levels shall be 6 4B above
t he maxi mum predicted levels in order to provide the required
design margin of safety.

3.4.1.4 shock. The design shock spectrum shall be at
least 6 dB over the maximum predicted pyrotechnic shock | evels.

3.4.1.5 Acceleration The design acceleration |evel
shal | be the maxinum predicted |evel nultiplied by an ultimate
factor of safety that includes a 10 percent test measurement
tolerance. The launch design acceleration ultimate factor of
safety shall be at least 1.38 (1.25 + 10 Percent) for unmanned
space” vehicles and 1.54 (1.40 + 10 percent) for manned space
vehicles. Unless otherw se specified, the yield factor of
safety shall be 1.0. Al yield and ultinmate strength nmargins of
safety shall be positive (See 6.2.15). Wen aﬁplicabl e, the
cross axis design acceleration shall include the acceleration
due to rotation.

3.4.1.6 Atmospheric Pressure. The design shall be
capabl e of sustaining anbi ent pressures that-change from sea
!evgl to 0.0133 pascals (1.929 x 10-6 pounds per square inch)
in 3 minutes.

3.4.1.7 Humidity and Salt Seray The design shall, where
practicable, be capable of sustaining exposures up to 12 hours
In duration to noderately humd or mldly corrosive environments
whi | e unprotected during nmanufacture or handling, such as
possible industrial environments or sea coast fog that could be
expected prior to launch. Approval of the contracting officer
iIs required if it is necessary to provide special environmental
controls due to the possible degradation of the lubricating
properties of many dry film lubricants in high humidity
environments, or to degradation of other lubricants in low
humidity environments, or for other reasons. The effect of
humidity, salt spray, or industrial environments on the moving
mechanical assembly may be determined by nonoperating
development tests to identify fabrication, storage,
transportation, and launch environment constraints or controls
t hat may be necessary.

.3.4.2 On-orbit Envirommant.. The equipment shall be _
designed to function within performance specifications following
or, If appropriate, during exposure to environmental levels that
exceed the maximum predicted on-orbit environments by the design
factor of safety or design margin. These environments include
thermal, vacuum, radiation exposure, shock, random vi brati on,
and acceleration.
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3.4.2.1 Thermal andVacuum The moving mechanical
assemblies shall operate at any-temperature within their thermal
design range, at an ambient pressure less than 133 micropascals
(1.93 x 107 psi). The thermal design range is from 10 deg C
(18 deg F) above the maximum predicted temperature to 10 deg C (18
deg F) below the minimum predicted temperature.. In addition, the
thermal design range shall not be less than from +71 deg C to -34
deg C (160 deg F to -29 deg F) unless attainment of this capability
would not be practicable or would adversely influence the design,
such as necessitating the use of a less desirable lubricant.

3.4.2.2 Radiation. The moving mechanical assemblies shall
be designed to operate within performance specifications after
exposure to on-orbit level radiation environments for the service
life of the assembly. The time line of the on-orbit levels shall
include a representative number of time perlods at the maximum
predicted radiation levels to ensure a satisfactory design mar gi n.

3.4.2.3 Shock. The design level pyrotechnic shock spectrum
shall be at least 6 4B over the maximum predicted levels occurring
during on-orbit operation.

3.4.2.4 Random Vibration. The on-orbit random vibration
design level shall be at least 6 @B above the maximum predicted
on-orbit levels.

3.4.2.5 MAccelemariar. The on-orbit acceleration design
level shall be the maximum predicted on-orbit levels multiplied
by a factor of safety that includes a 10 percent test measurement
tolerance. The on-orbit design acceleration factor of safety

shall be at least two. When applicable, the acceleration shall
include that which is due to space vehicle rotation.

3.4.3 i i and

L . Fabrication and handling of moving mechanical
assemblies shall be accomplished in a clean room environment
with an air cleanliness that is in accordance with metric system
class 3500 (English system class 100,000) or better as specified
in FED-STD-209. Environmental conditions during processing and
during storage, prior to acceptance testing, shall be within the
following limits:

a. Temperature: 21 deg C £ 20 deg C
(70 deg F & 36 deg F)

b. Humidity: 50 percent + 40 percent
Storage, handling, and transportation conditions to which ~

items are to be subjected subsequent to acceptance testing, and
prior to flight, shall be controlled to environmental conditions
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which do not exceed the maximum predicted requirements imposed
by launch, flight, or the specified acceptance tests.

Critical bearing surfaces employing molybdenum dry film
lubricants shall be protected by a dry nitrogen purge or other
suitable means of excluding humidity during the storage and
pre-launch environment.

3.5 1dentification and Markirp.,. F2ch moving mechanical
assembly and interchangeable subassembly shall be identified by
a nameplate. The nameplate identification may be attached to,
etched in, or marked directly on the item where size and non-
interference of operation permits. The nameplate shall utilize
suitable letter size and contrasting colors, contrasting surface
finishes, or other techniques to provide identification that is
readily legible. The nameplate shall be capable of withstanding
cleaning procedures and environmental exposures anticipated
during the service life of the item without becoming illegible.
Metal foil nameplates ma¥ be applied if they can be placed in an
area where they cannot interfere with proper operation should
they inadvertently become detached. Metal stamping shall not be
used. Where practicable, identification nameplates on )
components and subassemblies shall be in locations which permit
observation of the marking at the next higher level of )
assembly. Nameplates shall contain, as a minimum, the following:

a. Item identification number

b. Serial number

C. Lot number
d. Manufacturer
e. Nomenclature

The marking of any two or nore items intended for space
applications with the same item number or identification shall
indicate that they may be capable of being changed, one for
another, without "alteration of the items t hensel ves or of
adjoining equipment if the items also meet the specified flight
accreditation requirenents.

3.5.1 Data cards. When size limitations, cost, or other
considerations preclude marking all applicable information on an
item, the nameﬁlate may simply provide a reference key to cards
or documents where the omitted nameplate information may be
found. A copy of the referenced nameplate information or card
shall acconpany the item or assembly containing the item during
ground tests and ground operations.
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3.5.2 'NQT_EFOR FLIGHT" Markiraw. 'tnns which by intent or
by material disposition are not suitable for use in flight, and

which could be accidentally substituted for flight or flight
spare hardware, shall be red tagged or striped with red paint,
or both, to prevent such substitution. The red tag shall be
conspicuous and marked “NOT FOR FLIGHT.” The red paint shall be
material compatible and the stripes unmistakable.

3.6 Ilnterface Requirements

3.6.1 Clearance. The clearance requirements between the
moving mechanical assembly or deployable and any other structure
or component shall be established and maintained. The

manufacturing, assembly, and alignment tolerances as well as
environmental conditions such as temperature, temperature
radients, vibration, distortion due to relaxation of the “g*
ield, effects of centrifugal forces, and acceleration during
the critical periods of launch and on-orbit operations shall be
taken into consideration for establishing clearance adequacy.
The established clearances shall be maintained during
transportation and all operational modes of the space vehicle.
Obscuration of the operational fields of view of vehicle sensors
by the moving mechanical assemblies shall be avoided except
where obscuration is a design requirement of the sensor system.
Interface control drawings or layouts shall indicate the stowed,
extended, and critical intermediate positions of the moving
mechanical assemblies and deployables with respect to fields of
view and surrounding structure or components.

3.6.2 palignments Provisions shall be included to permit
alignment and adjustmdnt of moving mechanical assemblies with
respect to the space vehicle and other subsystem elements where
appropriate. A shimming-type alignment technique may be used
where additional surface area is necessary to provide a bearing
surface or where electrical bonding is required. Where an
adjustable-type alignment technique is used, locking provisions
as specified herein shall be provided. Installation of
alignment pins is permissible if the pins are positively
retained with the moving mechanical assembly mounting face
structure and permit the moving mechanical assembly to be easily
removed from the vehicle.

3.6.3 Structural. In selecting the design for the
structural interface of the moving mechanical assembly with the
space vehicle, preference shall be given to simple approaches
that minimize the complexity of the interface. The moving
mechanical assembly shall, where practicable, be easily installed
and readily accessible for inspection or removal. Standard wrench
clearances shall be provided. The use of special tools shall be
minimized. In addition, where complex connections and structural
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assembly interfaces are employed, the design of fittings shall
be based on a minimum fitting factor of 1.15 at ultimate load.

3.6.4 Mechanical Interfaces \Where practicable, a common
interface drill template shall be used to ensure correct
mechanical mating, particularly for interfaces external to the
moving mechanical assembly.

3.6.5 Interchangeability Any two or more moving
mechanical assemblies beating’the same part number or
identification shall possess such functional and physical
characteristics as to be equivalent in performance and
durability and shall be capable of being changed, one for
another, without alterations of the items themselves or of
adjoining items except for alignment adjustments.

3.7 Operability

3.7.1 Reliability,. Tha reliability allocations to the
moving mechanical assemblies and the assigned design
requirements shall ensure that the overall vehicle reliability
requirements are met under the severe extremes of acceptance
testing, storage, transportation, preflight testing, and
operational environments. Highly reliable assemblies are
usually obtained by elimination of single point failure modes
unless it can be shown that the addition of redundancy actually
reduces overall reliability due to added complexity. The
incorporation of redundancy is usually an acceptable technique
for meeting the reliability requirements. For designs that
switch redundant subassemblies or units autonomously, or by
ground command, the failure rates for the switching circuits,
and for the redundant equipment while in the off line mode,
shall be appropriately included in the reliability
determination. The reliability of each nmoving mechanical
assembly shall be analytically determined using piece part or
component failure rates obtained from actual usage data where
available, or evaluated at anticipated operating temperatures
from standard data sources such as MIL-HDBK-217. The assembly
reliability shall be evaluated in terms of events and usage
cycles that occur in operation. The design margins shall
preclude wear out of components within the service life of the
space vehicle at the programmed duty cycle, including the wear
associated with all preflight testing.

3.7.2 Maintainability Except for possible relubrication
after extended storage, or’at prescribed intervals in multiple
reuse applications, the moving mechanical assemblies shall,
where practicable, be designed so as not to require any
scheduled maintenance or repair during their service life.
Suitable development tests and inspections at appropriate
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intervals shall validate that scheduled maintenance is not
required. However, access shall be provided for replacement of
age-dated elastomeric materials which may have “expiration of
useful life” dates that can occur before scheduled flight.

3.7.3 Human Engineerira. Throughout the design and
development of the moving mechanical assemblies, criteria shall
be judiciously applied to obtain effective, compatible, and safe
man-equipment interactions. The design of all moving mechanical
assemblies shall be such that they may be tested or inspected to
ensure that they are assembled and installed correctly.
Provisions such as tabs, shoulders, and different thread sizes
shall be employed to prevent assembly in any incorrect manner
which may impair the intended functions of the moving mechanical
assembly.

3.7.4 serviceLife The combined operational and
aonoperational service iife of the moving mechanical assemblies
shall exceed the service life of the space vehicle in which they
are mounted. The service life includes all operational and
nonoperational time required or allowed after successful
completion of acceptance tests.

3.7.5 BHafety

3.7.5.1 General Safety. The design shall be such that a
safety hazard to personnel and surrounding equipment shall not
be created during installation, maintenance, ground test, and
transportation of moving mechanical assemblies and deployables.
Moving mechanical assemblies, particularly those associated with
deployables, shall be protected from damage which may occur at
any stage of the fabrication, assembly, testing, or
transportation. When deployables are in their deployed
positions, special precautions such as restrictions on the
activities of personnel in the immediate area and exclusion of
others by means of personnel barriers shall be used. During
installation, maintenance, ground test, and transportation,
precautions shall be taken to preclude the dropping of tools or
other items that might injure personnel or damage sensitive
equipment. Tethering of tools to the person or clothing is
recommended. In addition, protective covers or other protective
devices shall be incorporated, where appropriate. Required
safety procedures for handling, storing, and testing explosive
ordnance shall be documented and implemented where applicable.

3.7.5.2 _Space Transportation System Payloads For all
moving mechanical assemblies and deployables that’are in
payloads which are to be launched by the Space Transportation
System (STS), the safety requirements shall also be in
accordance with Chapter 2 of NHB 1700.7 (NASA). For these
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payloads, it is required that the payload must tolerate a
minimum number of failures and operator errors determined by the
consequence of any hazardous functions. For catastrophic
hazards or hazards that would result in personnel injury, loss
of the orbiter, or loss of STS facilities and equipment, the
hazard shall be controlled such that no conbination of two
failures, operator errors, or radio frequency signals would
unleash the hazard. For critical hazards or hazards that would
result in damage to STS equipment or in the use of contingency
or emergency procedures, the hazard needs to be controlled such
that no single failure, or operator error, would unleash the
hazard. Hazardous functions are thereby controlled with either
two or three inhibits for critical or catastrophic hazards,
respectively. These requirements are not applicable to
noncredible failures where extensive analysis and test programs
assure high reliability in the design. n particular,
structural failures and the failure of spring elements which
meet all structural design and design verification requirements
are considered such noncredible failures.

For the structural elements in novi ng mechani cal assenblies
and depl oyabl es, Chapter 2 of NHB 1700.7 (NASA) defi nes safety
requi renents for space equiprment structural design, stress
corrosion, pressure vessels, sealed containers, eleclrical
subsystems, radiation, hazardous materials, destruct subsystems,
pyrotechnics, flammable atmospheres, and reflown hardware.

3.0 Manufacturing

3.8.1 Process and Controls. Acceptance and flight
certification of space equipnent is based prinmarily on an,
eval uation of data from the manufacturing process.  Handling and
storage of parts andmaterials for space applications shall be
controlled consistent with thecriticality of the end use of
each item Controlled environment and controlled access shall,
be used to the extent required to avoid degradation of the
guality and reliability of the parts, materials, and
assemblies. The manufacturing process shall be accomplished in
accordance with documented procedures and process controls which
ensure the reliability and quality required for the mission.
These manufacturing procedures and process controls shall be
documented to give visibility to the procedures and
specifications by which all processes, operations, inspections,
and tests are to be accomplished by the contractor. This
internal contractor documentation shall include the name of each
part or component, each material required, the point it enters
the manufacturing flow, and the controlling specification or
drawing. The documentation shall indicate required tooling,
facilities, and test equipment; the manufacturing check points
and pertinent process control thresholds; the quality assurance
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verification points; and the verification procedures
corresponding to each applicable process or material listed.
The specifications, procedures, drawings, and supporting
documentation shall reflect the specific revisions in effect at
the time the items were produced. These flow charts and the
referenced specifications, procedures, drawings, and supporting
documentation become the manufacturing process control baseline
and shall be retained by the contractor for reference. It is
recognized that many factors may warrant making changes to this
documented baseline; however, all changes to the baseline
processes used, or the baseline documents used, shall be
recorded by the contractor following establishment of the
manufacturing baseline or following the manufacture of the first
item or lot of items. These changes provide the basis for
flight accreditation of the items manufactured or of subsequent
flight items.

The manufacturing process and control documents shall
provide a contractor-controlled baseline that ensures that any
subsequent failure or discrepancy analysis that may be required
can identify the specific manufacturing materials and processes
that were used for each item. In this way, changes can be
incorporated 1 Nnto a known baseline item to correct problems.

3.8.2 Production Lots. To the extent practicable, parts
for use in space equipment shall -be grouped together in
individual production lots during the various stages of their
manufacture to ensure that all devices assembled during the same
time period use the same materials, tools, methods, and
controls. Parts and devices for space equipment that cannot be
adequately tested after assembly without destruction of the
item, such as explosive ordnance devices, shall have lot
controls implemented during their manufacture to ensure a
uniform quality and reliability level of the entire lot. Each
lot shall be manufactured, tested, and stored as a single
batch. Sequential lot numbers that indicate the date of
manufacture shall be assigned to each production lot.
éTypicaIIy, use three digits for the day of the year and two
igits for the year.)

3.8.3 Contamination

3.8.3.1 Fabrication and Handling. Fabrication and
handling of space equipment shall be accomplished in a clean
environment. Attention shall be given to avoiding
nonparticulate (chemical) as well as particulate air
contamination. To avoid safety and contamination problems, the
use of liquids shall be minimized in areas where initiators,
explosive bolts, or any loaded explosive devices are exposed.
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3.8.3.2 Device Cleanliness. The particulate cleanliness
of internal noving subassenblies shall be maintained to at |east
| evel 500 as defined in ML-STD-1246. External surfaces shall
be visibly clean. The allowable product nonvolatile residue
éNVR) | evel shall be maintained to at |east |evel "G", as
efined in ML-STD 1246. Specific cleanliness requirenments
shall be determ ned for each noving mechani cal assembly based on
an analysis of overall system cleanliness requirements.

3.8.3.3 Qutgassing. Items that might otherwise produce
deleterious outgassing while on orbit shall, where practicable,
be baked for a sufficient time to drive out all but an
acceptable level of outgassing products prior to installation in
the assembly. Where baking Is not practicable, exposure to

vacuum within the operating temperature of t he item shall be
employed.

3.8.4 Electrostatic Dischagzoe Appropriate provisions
stated in DOD- HDBK- 263 shal | be used to avoid and to protect
agai nst the effects of static electricity generation and
discharge in areas containing electrostatic sensitive devices
such as microcircuits, initiators, explosive bolts, or any .
loaded explosive device. Both equipment and personnel shall be
grounded.

3.8.5 Craftsmanship. Moving mechanical assemblies shall
be manufactured, processed, tested, handled, and installed such
that the finished items are of sufficient quality to ensure
reliable operation, safety, and service life. he items shall
be free of defects that would interfere with operational use
such as excessive scratches, nicks, burrs, loose material,
contamination, and corrosion.

3.9 Storage and Handling Pxovisions Storage, handling,
and transportation conditions to which moving mechanical
assemblies are to be subjected prior to flight shall be
controlled to the limits of Paragraph 3.4.3. The items shall be
capable of meeting the operational requirements without
refurbishment, other than relubrication, after nonoperational
storage of four years in a controlled environment (see 3.4.3).
The orientation or storage environment or both_ shall be chosen
to mninmze oil flow wthin the assenbly. Storage shall
preferably be in a "no-load" condition with springs inarelaxed
state and pressure vessels unpressurized. The storage, ,
relubrication, and retesting ofall noving nmechani cal assenblies
shal|l be in accordance with documented procedures.

Cleanliness shall be maintained during processing, storage,

and transportation using appropriate protective containers or
covers. Electrostatic sensitive items, such as most electronic
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assemblies and components containing explosives, shall be stored
and transported In sealed packages using antistatic wrapping

material. The antistatic wrapping material used should not
produce nonvolatile residues. The antistatic wrapping material
shall be grounded through a resistor prior to removal. The

grounding resistor shall have a value between 100,000 ohms and
1 megohm.

Temperature and humidity conditions and transportation shock
exposure shall be monitored subsequent to manufacture, and the

measured levels shall be evaluated against the acceptance test
limits.

4.  QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for Inspections and.Tashs.. Unless
otherwise specified in the contract, the contractor is

responsible for the performance of all inspection and test
requirements as specified herein. Except as otherwise specified
in the contract, the contractor may use his own or any other
facilities suitable for the performance of the inspection and
test requirements specified herein, unless disapproved by the
government. The government reserves the right to perform any of
the inspections set forth in the specification where such
inspections are deemed necessary to assure that supplies and
services conform to prescribed requirements.

4.1.1 Responsibility for Compliance. All items shall
meet all requirements of Sections 3 and 5. The inspections set
forth in this specification shall become a part of the
contractor’s overall inspection system or quality program. The
absence of any inspection requirements in the specification
shall not relieve the contractor of the responsibility of
assuring that all products or supplies submitted to the
Government for acceptance comply with all requirements of the
contract.

4.1.2 Test Equipment and Inspection Facilities. The
manufacturer shall ensure that test and inspection facilities of
sufficient accuracy, quality, and quantity are established and
maintained to permit performance of required inspections.

4.2 Classification of Inspections and Tests. The tests
and inspections specified herein are classified as follows:

a. Parts, materials, and process controls (see 4.3)

b. Development tests (See 4.4)
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C. First assenbly inspection (see 4.5)

d. Conponent and subsystem | evel acceptance tests
(see 4.6)

e. Qualification tests (see 4.7)

f. \Vehicle level acceptance tests (see 4.8)

g. Prel aunch validation tests and inspections
(see 4.9)

4.3 Parts, Materials. and Process Controls.. Te <nsure
that a reliable noving nechanical assenbly Is fabricated, all
parts and nmaterials shall be adequately controlled and inspected
prior to assenbly. During fabrication, the tools and processes,
as well as parts and materials, shall be adequately controlled
and inspected to ensure conpliance with the approved
manuf acturing processes and controls.

4.3.1 Recordsg. Records docunenting the accreditation
status of the noving nechani cal assenblies shall be naintained
follow ng assignment of serial nunbers. Each noving nechanica
assenbly shall have inspection records and test records
mai ntai ned by serial nunmber to provide traceability from system
usage to production lot data for the device. Conplete records
shal'| be mai ntained and shall be available for review during the
service life of the system The records shall indicate all
relevant test data, all rework or nodifications, and all
installation and renoval s for whatever reason.

4. 3.2 Manufacturing Screens. Each novi ng nmechani cal
assenbly and each critical subassenbly shall be subjected to
i n-process manufacturing and assenbly screens to ensure
conpliance with the specified requirenents to the extent
practi cabl e. Compliance with the docunented process controls,
docunent ed  screening requirenents, required hardware
configuration, and general workmanship requirenents shall be
verifred. At each level of assenbly, each conpleted unit shal
be subjected to visual inspection to ensure that it is free of
obvi ous defects and is within specified physical linmts.

4.3.3 RHNonconforming Mateaz. MNonconforning material
conponents, or assenblies that do not nmeet the established
tolerance limts set for the acceptance limts in the in-process
screens shall be rejected for use. Any rejected material,
conponent, or assenbly may be reworked and rescreened in
accordance with established procedures if systemreliability is
not jeopardized, and if the rework is not so extensive as to
jeopardize the lot identity ofthe naterial orassenbled unit.
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If reworked material or an assenbled unit that was |ot
control I ed subsequently pass the in-process screens, it can
again be considered part of the lot. Reassignment ofunits that
were lot controlled to a different |ot shall not be nade.
Nonconformng material or assenmbled units that do not satisfy
these rework criteria shall be considered scrap.

. 4.3.4 Inspection of Parts. Asanmninum all castings,
fusion welds, fibre conposite or honeycomb parts and surfaces of
stressed parts shall be inspected as foll ows:

a. | nt er nal . Al castings and all fusion
wel ds shal | be inspected for the presence of
internal defects b{ radi ographic nmethods in
accordance with ML-STD-453. Plastic conposite
structural elenents shall be inspected for the
presence of internal defects by an appropriate
test nethod.

b. Surface defects. The surfaces of stressed parts
shal | be inspected in accordance with ML-X-6868
(magnetic particle inspection method), in
accordance with ML-STD- 6866 (liquid penetrant
I nspection nmethod), or in accordance with other
I nspection nethods, as appropriate. Heat-treated
steel parts with t ensi |l e strength above 1, 790
megapascal s (259, 617 pounds per squareinchg
ultimate that require a grinding operation after
final heat treatnment shall be inspected by nital
etch on all surfaces subject to grinding.

Al'l parts used in critical moving mechani cal assenblies or
parts conprising single point failures shall be conplete“y
I nspected to ensure that no defects exist which could lead to'
degraded performance or failure.

4.3.5 Inspection of MAssemblies The dimensions, weight,
finish, identification markings, and cleanliness of each moving
mechani cal assenbly shall be rInspected, as appropriate, prior to
acceptance testing and prior to installation on the vehicle.

I nspection of the assenbly shall be nade to ensure that a

m ni mum t hread engagenent of five full threads exists for al

t hreaded attachnents; or where through bolts are used, that a

m nimum of two full threads protrude beyond the end of the nut.
Fasteners shall be inspected for conpliance with required torque
levels. These inspections shall be nade concurrently with the
assenmbly of the parts. Pin pullers shall be inspected at the
vehicle test level to verify adequate travel and travel nmargin
Al'l noving mechani cal assenblies shall be inspected before and
after exposure to environmental tests at the conponent test
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level, at the vehicle test level, and at the launch site. In
addition, the inspections should be conducted at intermediate

t est points. These inspection processes shall include, but are
not Ilimited to, the following:

a. Scratched or damaged surfaces. If surface damage
is sufficient to affect the intended function of
the assembly, or the performance is degraded (e.g.,
damaged thermal control surfaces, increased
friction of contacting surfaces or contamination
due to debris), the moving mechanical assembly
shall be rejected.

b. Rust or corrosion ..Any parts exhibiting rust or
corrosion shall be rejected.

c. Eastener torgue. Fasteners shall be visually
inspected for looseness. In addition, the torque

shall be checked on preselected fasteners before

and after exposure to each environmental test
condition.

a. Handling damage. Graphite epoxy and other conposite
parts shall be visually inspected for damage. Where
tubular composite members are used, the internal
surfaces shall, where practicable, be visually
inspected for damage, by means of a borescope or by
other appropriate means.

e. Clean iness. Product particulate cleanliness shall
not exceed Level 500 as defined in MIL-STD-1246.
Product nonvolatile residue (NVR) shall be in

compliance with the applicable requirements
specified for each assembly.

f. Wirina harness-. Wiring harnesses shall be
inspected to verify that they are properly secured
and to verify that the proper configuration is
maintained, particularly in the area of rotating
parts or joints.

g. Electrical and fluid copresters  Dust caps shall
be installed on unused connectors during shipment
or test. Although unnecessary disconnecting and
reconnecting of connectors shall be avoided,
inspection for connector out-of-round and broken or
loose electrical pins shall be made, where
practicable.

h. Multilaver insulatiom,. Multilayer insulation
should be inspected at the vehicle test level and
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after vehicle shipnent for adequate clearance wth
respect to adjacent noving nechanical assenblies
to ensure that novenment of the assenblies will not
be inpeded during operation. |n addition, where
switches are used for indicating purposes, the

cl earance between the multilayer insulation and
the switch shall be verified to ensure that proper
operation of the switch can occur.

Safety Whe. Kasteners utilizing safety wire
shal | be inspected to ensure that the wire is
properly installed and that suchw re cannot
result 1n interference with other parts ofthe
movi ng mechani cal assenbly.

Aljannent.. Alignnment shall be inspected as

appropriate. ignment mrrors shall be inspected
to verify freedom from danage ordi spl acenent.
Alignment's of depl oyables shall, where

practicable, be checked in their deployed
posi tions.

Switches. |Indicating switches shall be inspected
to ensure that they operate satisfactorily and
that adequate overtravel exists. Switch wires
shall be inspected to verify that they are free
from damage or sharp bends. Switch actuation
shall, where practicable, be verified by neans of
el ectrical continuity.

Bripelling. Hi ghly |oaded surfaces such as
preload fittings or overcenter |atches shall be
I nspected for evidence of Brinelling damage to
surfaces in contact.

springs. Wuere accessibility permts, the
followi ng inspections and neasurenments shall be
made on springs: inspection for broken coils or
ot her damage and measurement of spring force or
torque and spring rate onthe fully assenbl ed
movi ng mechani cal assembly.  The spring |oad at
the installed ?osition and the spring rate shall
be measured before assenbly, recorded, and the
SErlngs_properly serialized. The spring load and
the spring rateshall also be neasured and
recorded after spring assenbly or installation, as
appropriate. The location of each serialized
sprlng on the noving nechanical assenbly shall be
recorded. On all springs conprising single point
failures, the heat treat shall be checked, ere
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practicable, using an unstressed portion of each
spring, such as on the ground flats on the ends of
compression springs. Where there is a danger of
causing damage as a result of the heat treat test,
a lot sampling technique may be used if approved
by the contracting officer.” Where practicable,
actual spring position and deflected shape during
the entire range of travel shall be checked to

avoid off-nominal loading due to coil displacement
and tang movement

n. Dampers. Viscous dampers shall be performance and
leak checked. Deformable material dampers shall be

inspected to ensure that the material is not
deformed or damaged.

0. Clearances. Clearances shall be inspected to
ensure compliance with the specified requirements.

P Electric-= Where accessibility permits, the

following inspections and measurements shall be
made on electric motors:

1. Verification of the part number.

2. Identification of special precautions (if
any) such as use of keepers during armature
removal, and observation of lead color code

fordpolarity where suppression diodes are
used.

3. Inspection for adequate lead length and
clearance from other leads to which motor
noise might introduce electromagnetic

interference.
4. Adequate mount heat sinking.
5. Inspection of freedom of motion without

binding or misalignment problems.

Operationally the input current may be monitored
to verify brush and motor performance.

4.3.6 Lubricant Processing Procedures Lubricant
processing procedures shall be established’ to control the
uniformity, repeatability, cleanliness, accountability, anq_
amount of lubricant in the moving mechanical assemblies. hese

procedures shall also delineate the processes of removal of
bearing. shipping |ubricants. Shipping lubricants shall be
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analyzed for compatibility with the applied lubricant. Porous
ball bearing retainers and lubricant reservoirs which have
shipping lubricants in them shall be replaced before processing
with the flight lubricant. Each bearing to be processed with a
liquid lubricant shall be tested for wetability prior to
application of the flight lubricant. The wetability test method
shall be approved by the contracting officer.

4.4 Development Tests. Development testing may be
performed on moving mechanical assemblies to supplement
analytical techniques in the quantification of design parameters
and to promote the evolution of new design concepts.
Developmental testing shall be used to validate new design
concepts for critical components and assemblies as a prelude to
gualification testing. The nature and extent of developmental
testing on components, subsystems, and complete moving mechanical
assemblies shall be sufficient to ensure that qualification
testing of new designs will produce minimal failures which would
then require redesign. Developmental testing shall be conducted
using MIL-STD-1540 as a guide. Critical components requiring
development tests should be identified early in the design and
development program, and a list of tests and items so identified

should be documented. The adequacy of the development testing is

a contractor responsibility; however, some contracts may allow
the contracting officer to delay approval to proceed with
gualification testing pending a review of the development test
results. In that case, a particular test should not be
considered completed until a minimum of 30 days after the test
results have been presented to the contracting officer. Unless
the design is substantiated by previous usage, developmental
testing shall include the following, as applicable:

a. Tests to substantiate the design of each bearing
installation with respect to materials, stresses,
stiffness, fatique life. preload, and possible
binding under normal, as well as the most severe
combined loading conditions, and the expected
environmental conditions.

b. For bearings that are reused, tests to characterize
the wear and lubrication changes resulting from
bearing reuse, and the effects these changes have
on torque margin.

C. Where practicable, tests to substantiate the
effects of temperature gradients on bearing preload
and stiffness.

a. For critical moving mechanical assemblies, tests of
the lubricant that demonstrate the ability of the
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lubricant system to provide adequate Ilubrication
under all specified operating conditions over the
design lifetime.

e. Where contact pressure is sufficiently high, such
that friction welding might be possible, design and
process verification tests shall be conducted at
the piece part or subassembly level to verify the
selection of materials and lubricants in the
proposed application.

f. For brushes and commutator or slip ring assemblies,
tests to demonstrate that the lubricant is not
significantly deteriorated or driven from the areas
requiring lubrication by adverse thermal, gravity
forces, or other conditions; and that wear rates,
wear debris, electrical noise level, friction
torque, and lubricant loss are compatible with
design requirements.

g. For deployable devices, minimum available driving
capability and maximum load determination shall be
verified through an appropriate test program; each
element of resistance shall be characterized in
this test program.

h. For moving mechanical assemblies driven by
electrical motors, a torque versus current
relationship for each motor under minimum, maximum,
and ambient thermal and vacuum conditions shall be
established.

i. Where practicable, tests to substantiate that
scheduled maintenance is not required.

j. Eddy current dampers shall be tested for
repeatability of damping rate and torque values for
twice its expected operational life cycle. The
eddy current damper shall be tested at temperature
extremes to determine its damping rate over the
temperature range.

4.5 First Assembly Inspectiop. .An inspection of the first
of each of the moving mechanical assemblies produced with
production equipment and procedures shall be conducted at a time
and location acceptable to the contracting officer. There shall
be no discrepancies among the equipment, the fabrication tooling
used, the released drawings, the test data, the inspection
records, and the specification requirements, First assembly
approval is valid only on the contract or purchase order under
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which it is granted, unless extended by the contracting officer
to ot her contracts or purchase orders.

4.6 Conponent and Subsystem Level Acggeﬁfnﬁg Tests. The
configuration and workmanship of the conpleted hardware shall be
verifred by inspection prior to the start ofacceptance testing.
Acceptance tests shall be conducted on each noving mechanica
assenbly in accordance with the acceptance test requirements of
M L- STD-1540. The acceptance tests shall incorporate the run-in,
functional, and environmental test requirenents stated herein.
The acceptance tests shall be structured to detect workmanship
defects that could affect operational performance. Conponents
fabricated from fiber conposite material or of honeyconb
construction shall be subjected to acceptance Proof testing. The
acceptance testing of noving nechanical assenblies that are part

of a depl oyable device shall, where practicable, be conducted

with the noving nechanical assenbly attached to the depl oyable
device. In sonme cases, such as solar array drives, despin bearing
assenblies, or pointing devices, dummy |oads may be substituted
for the driven nmenber. The dummy |oads shall provide a reasonable

representation of the dynamc characteristics (such as inertia,
stiffness, free qjay, and natural frequencies) of the actual
driven menber. he effect of friction due to the additional

wei ght of the dummy | 0ad on the drive unit shall be accounted for
in evaluating the test results. Dummy | 0ads are also permtted
to mnimze the effects of air danping where large panels are
depl oyed under anbient conditions. Appropriate quantitative
measurenents such as torque vs angle neasurenents and tine vs
angl e neasurements, or equivalent |inear neasurements for |inear
devices, shall be made during run-in, functional, and

envi ronmental acceptance testing of all noving mechanica

assenbl i es. For spring driven devices, torque vs angle
nmeasurenents shall be nade during restowing as well as during
deployment in order to generate a torque vs angle hysteresis
curve to determne torque marain  Far limear dcvices, equival ent
i near nmeasurenents shall be nade to determne force margin. As
a mninmum these neasurenents shall be nade under anbient and
acceptance |evel hot and cold tenperatures. Wien an assenbly is
too large or conplex to be tested, results of conmponent or
subassenbly torque or force margin testing nmay be added to obtain
the assenbly torque nmargin. Mving mechanical assenblies that
contain redundancy in their design shall, where practicable,
denonstrate performance to their requirenents in each redundant
mode of operation. Functional operation and alignnent of each
novi ng nechani cal assenbly, including instrunentation that is an
i ntegral Part of the assenbly, shall be tested and checked, where
practicable, before and after exposure to each environmental
acceptance test. All swaged ends on rods or cables shall be 100
percent tested with a load equal to twice the limt |oad (see
6.2.12). (Note: the proof factor of safety shall be 2.0 for
swaged ends on rods orcables.)
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4.6.1 Run-in Test After initial functional testing, a
run-in test shall be p&formed on each moving mechanical assembly
before it is subjected to further acceptance testing, unless it
can be shown that this procedure would be detrimental to
performance and would result in reduced reliability. The primary
purpose of the run-in test is to detect material and workmanship
defects which occur early In the component life. Another purpose
of the run-in test is to wear-in parts of the moving mechanical
assembly so that they perform in a consistent and controlled
manner. Satisfactory wear-in may be manifested by a reduction in
running friction to a constant low level. The run-in test shall
be conducted for a minimum of 506 hours except for items where the
number of cycles of operation, rather than hours of operation, is
a nore appropriate neasure of the capability to performin a
consistent and controlled manner. For theseunits, the run-in
test shall be for at least 15 cycles or 5 percent ofthe total
expected service life cycles, whichever is greater. The run-in
test conditions should be representative of the operational
| oads, speed, and environnent; however, operation ofthe assenbly
at anbient conditions may be conducted if the test objectives can
be net and the ambient environment will not de%rade reliability
or cause unacceptabl e changes to occur within the equipnent such'
as the generation of excessive debris. During the run-in test,
sufficient periodic measurements shall be made to i ndi cate what
conditions may be changing with time and what wear rate
characteristics exist. Test procedures, test time, and criteria
for performance adequacy shall be in accordance with a test plan
t hat has been af)proved bY the contracting officer. All gear
trains using solid filmlubricants shall, where practicable, be
i nspected and cleaned following the run-in test.

L W AAMIC )] - =

4.6.2 Funct L _and lvironment apce. Each moving
mechanical assembly shall be subjected to functional and
environmental tests that are in accordance with the applicable
acceptance test requirements of MIL-STD-1540. Functional tests
shall be structured to demonstrate that the moving mechanical
assembly is capable of operating in such a manner that all
performance requirements are satisfied. Functional tests ar e
required before and after exposure to environmental test condi ti ons
in order to establish whether damage or degradation In performance
has occurred. These tests shall be sufficiently comprehensive and
shall include sufficient measurements to determine whether
performance specifications are met. The functional tests are
usually conducted at room ambient conditions, with the initial
functional testing used as a baseline against which subsequent
performance is compared. Where a device is designed to operate in
extreme heat or cold or in some other environmental extreme, and a
functional test at ambient conditions would not be significant,
the functional tests shall be conducted in the appropriate
environment that would demonstrate performance. All command
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functions should be exercised during functional testing. The
moving mechanical assemblies shall be tested in their launch or in
their on-orbit configurations corresponding to the environment
being simulated. They shall be passive or operating corresponding
to their state during the launch or on-orbit operational phases.
Fully assembled deployables shall, where practicable, have torque
vs angle and time vs angle measurements, or equivalent linear
measurements for linear devices, made during thermal vacuum
testing. When a harmonic drive is used for precision pointing
applications, full functional testing should be performed to
verify the harmonic drive characteristics at each level of
assembly. Functional tests should include torsional stiffness,
damping, and friction characteristics. After a harmonic drive is
assembled into the parent assembly, it shall be inspected for the
dedoidal condition (see 6.2.5). When operation of a deployable in
a vacuum chamber or measurements in a vacuum chamber are
impractical, the fully assembled deployable shall have deployment
tests, including torque vs angle and time vs angle measurements,
or equivalent linear measurements for linear devices, made . in a
hot or cold box. When the fully assembled deployable is so large
that it cannot be completely enclosed within a hot or cold box,
the moving mechanical assemblies themselves may be separately
enclosed within several smaller hot or cold boxes which surround
only the moving mechanical assembly portion of the deployable
device. Test procedures, test time, and criteria for performance
adequacy shall be as approved by,the contracting officer. No
disassembly, adjustments, or repair shall be made on moving
mechanical assemblies during functional and environmental
acceptance testing or after completion of testing unless approved
by the contracting officer.

4.7 Qualification Tasks,. The qualification tests of the
moving mechanical assemblies shall be conducted in accordance
with the qualification test requirements of MXL-STD-1540. The 6
@B, 10 deg C (18 deg F), or other design factors of safety or
margins specified herein include test condition tolerances that
are those allowed in MIL-STD-1540. When the actual qualification
or acceptance test tolerances can be shown to be less than those
specified in MIL-STD-1540, the qualification test levels may be
appropriately reduced in accordance with provisions specified in
MIL-STD-1540. The qualification tests shall incorporate the
design life verification test, functional test, and environmental
test requirements stated herein. Moving mechanical assemblies
which are required to operate more than once during their
on-orbit life shall be tested using dedicated qualification
items. Where a moving mechanical assembly is required to operate
only once during its on-orbit life, consideration may be given to
flight use of the qualification article based on the requirements
of Section 8 of MIL-STD-1540. However, any flight use of a
gualification article shall have prior approval by the
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contracting officer. The qualification tests shall be structured
todenmonstrate the design adequacy and design margins. An
acceptance test shall precede the qualification tests. Torque vs
angl e measurenents and tine vs angle measurenments, or equivalent
l'inear measurenents for |inear devices, shall be made during
gua!lflcatlon testing of all noving nechanical assenblies.
atisfactory conpletion of these tests or equivalent proven space
vehi cl e operati onal P_erforrr_ance is required for flight
certification or qualification. Conpliance with all or portions
of the qualification requirenents based upon tests of simlar
Itens or upon equivalent space vehicle operational performance
shall require approval of the contracting officer. The general
test measurements and test configurations used for qualification
tests shall be similar to those used for acceptance tests.
Moving mechanical assemblies that contain redundancy in their
design shall, where practicable, demonstrate performance to their
requirements in each redundant mode of operation during the
qualification test. Functional operation and alignnent of each
moving mechanical assembly, including instrumentation that is an
integral part of the assembly, shall, where practicable, be
tested and checked, before and after exposure to each
qualification test.

.4.7.1 Design Life VerificationTests. The design life
verification tests are intended to evaluate lubricant

suitability, release and deployment life cycle margins, wear
life, and avoidance of fatigue. One or more items of each of the
movi ng mechani cal assenblies, produced with production equipment
and procedures, shall be subjected to a design life verification
test. The number of units to be tested should be sufficient to
achieve the desired confidence level for the test results. These
tests shall be conducted to simulate operational use within the
range of the worst predicted operational environments. The items
shall be subjected to tests which demonstrate the capability to
perform the full operational life cycle. Masses, loads, and
stiffness of support structure shall be actual or simulated
operational values, and any interfacing equipment such as thermal
heaters, cabling, or hoses shall be in place so that operational
conditions are simulated. The test and criteria for performance
adequacy shall be approved by the contracting officer. Foritens
having a relatively low percentage duty cycle, it shall be
acceptable to compress the operational cycle into a tolerable
total test duration. For assemblies which operate continuously
on-orbit, or at very high percentage duty cycles, accelerated
test techniques may be employed if such an approach can be shown
to be valid. For such assemblies, tests shall be under proper
environmental condi tions, of varying duration, followed by

di sassenbl y and inspection. A single_ item may be_used provided
that periodic disassembly and inspection does not influence t he
test conditions sufficiently to invalidate the test results.
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Detai | ed anal yses of |ubricant consunption, debris accunulation,
wear, or other critical paraneters may be used to provide bases
for forecasting the expected life of the assembly. The noving
mechani cal assenblies used for life test shall be essentially
identical with the flight itenms. The only differences between
the test itens and the flight itens shall be those changes
necessary for incorporation of test instrunentation. These

di fferences shall not Leopardlze the validity of the tests wth
respect to the flight hardware. Sufficient instrunentation shal
be used to provide know edge of the operating conditions wthin
the assenblies during life testln%_such as internal pressures,
temperatures, and tenperature gradients. \Were liquid _

| ubrication is used, consideration shall be given to measuring

| ubricant |oss, degradation, distribution, quantity, and

out gassing constituents over the duration of the test. The
instrunentation shall be simlar to that enployed in other test
phases to provide a basis for conparison ofthe design life test
conditions with those of other selected ground tests and wth
those during orbital operations. The design life test noving
mechani cal assenbly shall be operated asexpected in flight with
equi pnent operating in accordance with the predicted duty cycle.
The tests shall include variations of the expected flight usage,
such as power down modes to check | ow tenperature operation o
the system to the degree practicable wthout exceeding the
thermal limits of the equi pnent. Al electrical slip ring and
comut ator assenbly tests shall be conducted with representative
levels ofelectrical current at the rated voltage across the
interface. Al noving nechanical assenblies shall be tested for
at least twce the nunber of duty cycles expected in operational
use, plus tw ce the nunber of duty cycles expected during
conponent and vehicle functional and environmental tests.  stops
shal | be tested by intentionally running the noving mechani cal
assenbly into the stops whether or not the moving mechanical
assembly has limit switches to prevent contacting the stops in
normal operation. The stops shall be tested for at least twice
the number of duty cycles expected in operational use, plus twice
the number of duty cycles expected during component and vehicle
functional and environmental tests. For moving mechanical
assemblies which employ limit switches and do not normally
contact the stops, the qualification tests of the stops may be
conducted as a separate subassenbly |evel test with the swtch
inactive. A functional test shall be conducted after the design
life verification test has been completed and the assembly shall
be disassembled and inspected for anomalous conditions. The
critical areas of parts which may be subject to fatigue failure
shall be inspected to determine if failure has occurred.

4.7.2 Functional and Environmental Qualification. One

item of each of the moving mechanical assemblies, produced with
sroduction equipment and procedures, shall be subjected to
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environmental qualification testing to verify satisfactory
performance at the design environmental levels. Tests shall be
in accordance with the applicable qualification test requirements
of MIL-STD-1540. The moving mechanical assemblies shall be
tested in their launch or in their on-orbit configurations
corresponding to the environment being simulated. They shall be
passive or operating corresponding to their state during the
launch or on-orbit operational phases. Test procedures, test
time, and criteria for performance adequacy shall be as approved
by the contracting officer. Qualification testing of deployables
shall include tests to simulate the lowest motive force combined
with the highest resistance under the most adverse environmental
conditions to provide the worst case torque margin. In addition,
the highest motive force combined with the lowest resistance
under the most aiding environmental conditions. shall be tested to
provide the worst case loading including the loads against the
stops. Sufficient measurements shall be made to show that the
requirements of this specification are met under both of the
above conditions. Measurements shall include torque vs angle and
time vs angle, or equivalent linear measurements for linear
devices. For deployables, time correlated video recording, or
motion pl cture film coverage, and potentiometers, accelerometers,
or other appropriate instrumentation shall be utilized for all
functional and environmental qualification tests to enable the
dynamics of the deployment to be determined and to establish time
vs angle or time vs distance acceptance test criteria limits. A
one-time release test of pyrotechnic devices shall be conducted
in the fully assembled configuration using a worst case lowest
explosive charge loading of 80%. This release test shall be
conducted using worst case tolerances and worst case
environmental conditions. To evaluate the possibility of
structural damage to moving mechanical assemblies actuated by
pyrotechnic devices, a one-time test shall also be conducted
under worst case highest explosive charge loading. A 120 percent
explosive charge load shall, where practicable, be used for this
test. Instrumentation shall be provided on adjacent equipment
during release tests to assess the transmitted shock loads. A
static load test to demonstrate the required strength, safety
factors, and margins shall be conducted. Following the static
load test, the assemblies shall be completely disassembled and
reinspected for possible damage.

4.0 Vehicle level Acceptance Tests. The .wehicle level
acceptance tests shall be conducted in accordance with the
requirements of MIL-STD-1540. After assembly of the deployable
on the space vehicle, a time correlated video recording or motion
picture film of deployment shall be utilized to ensure that the
dynamics of depl oynent are within specified tinme vs angle or time
vs distance pass-fail criteria. Where deployment is impractical
after assembly on the space vehicle, this recording of the
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dynamics of deployment shall be made during the | ast ‘functional
deployment prior to mounting of the deployable on the space
vehicle. A first motion cold test of all deployables shall be
included, where practicable, as part of the space vehicle thermal

testing to verify release of the deployables at the acceptance
ievel cold temperature.

4.9 Prelsunch Validatiop Testing and Inspection. The
prelaunch validation tests shall be conducted in accordance with
the requirements of MIL-STD-1540.

4.9.1 Interface Tests. Where practicable, a compl et e
depl oynent of deployable flight hardware in the flight
configuration shall be conducted after attachment oft he
deployable to the space vehicle. Ahand held walkout, if
appropriate, is sufficient to satisfy this requirement. This
test should be conducted at the latest possible time prior to
flight. Where a complete deployment is not practical due to the
size of the deployable, lack of a “one-g’ supporting fixture, or
risk of damage associated with a hand held walkout, an alignment
check and an initial motion release test shall be conducted in
lieu of the above requirements. A measurement of the minimum
breakaway force shall be made to ensure that no binding of the —
telease nechani sm or excessive friction due to distortions of
pivot support brackets is present.

~ 4,9.2 Inspection . )Mhare practicable, theinspections
listed in Paragraph 4.3.5 shall be repeated at the launch site
after assembly of the vehicle in the flight configuration.
Deployments such as hand-held walkouts, or other deployments such
as those required to provide access to nearby equipment, or as
part of pre-flight checks, should not be performed without the
presence of an inspector to witness, approve, and sign-off
acceptability of the handling, deployment, and restowing
procedures.

4.9.3 Prelaunch Validation Exercises Prelaunch
validation exercises shall include contingency cases involving
anomalous operation of moving mechanical assemblies. For
example, partial deployment of space vehicle devices may cause
additional effects on the space vehicle such as changes to the
thermal control of the space vehicle, changes to the inertial
properties of the space vehicle, degradation of communication
systems, and possible blocking of sensors. In some cases the
effects of the failure may be circumvented by operation of the
space vehicle in a different mode, such as increasing the space
vehicle spin speed to aid in deployment of a deployable device
which has experienced a hang-up. These contingency plans should
be formulated and exercised to the extent practicable.

~—
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4.9.4 PBrelsunchcValidation of = rings that are Reused.
Bearings that are to be used for a number of flights shall be
inspected and retested after the initial flight. Individual
bearing tests shall be conducted to determine if the resistive
torques are within acceptable limits. If the mechanism torque
or force margins are less than the minimum acceptance
requirements, the bearings shall be completely inspected,
refurbished, and retested as necessary after each flight. If
the mechanism torque or force margins are considerably higher
than minimum acceptance requirenents, the bearings testsand
i nspections follow ng subsequent flights may be rel axed.

4.10 Modif ications, Rework, and ReteSt- Completed
moving mechanical assemblies shall be modified’and reworked with
the same high quality assurance provisions and criteria as the
original assembly. Inspection and retesting shall be in
accordance with MIL-STD-1540 and the requirements stated herein,
or as directed by the contracting of ficer. Myving nechani cal
assenblies that have successfully conpleted the run-in test and
are subsequently repaired, reworked, nodified, or reacceptance
tested shall not be given another run-in test unless the rework
IS so extensive as to invalidate the initial run-in. Mving
mechani cal assenblies that are not assenbl ed onaspace vehicle
but are placed in storage for nmore than one year shall be
retested in accordance with the established thermal or thermal
vacuum acceptance teat procedure6 prior to use., After two years
of storage and every year thereafter, the liquid |ubricants used
in these noving mechanical assenblies shall, where practicable,
be sanple tested to evaluate degradation. If there is evidence
of lubricant degradation, the cause of the degradation shall be
elimnated and the assembly relubricated.

5. PACKAGIRG (Not Applicable)

6. ROTES

6 . 1 _TIailored Ao "o Wier e possible, the
requirements in the specification are stated in terms that are
self-tailoring to each application. However, additional tailoring
of the requirements should be considered throughout the
acquisition process within the constraints of the major program
elements. These elements typically include performance, testing,
reliability, schedules, production costs, operating costs,
maintenance costs, and other high cost drivers in the projected
life cycle. Contractors are encouraged to identify to the
contracting officer, for program office review and
reconsideration, any requirements imposed by this specification
that are believed excessive. However, contractors are reminded
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that deviations from contractually inposed requirenents can be
?ranted only by the contracting officer. The use of the weighting
actors in the specification (see 3.1) is intended to assist in
the tailoring of requirenents to specific applications and to
assi st contractors in the design process. Because the
inplications ofthe weighting factors vary with the type of
contract and with other contract provisions, it is inportant to
provide clear contractual |anguage, particularly regarding design
reviews and the resolution of any subsequent acfi ons.

6.2 Dpefinitions. Definitions are in accordance wth
M L-STD- 1540 and as indicated in the follow ng paragraphs:

0 6.2.1 gg;;ﬁiggg Actuated Device. A cartridge actuated
device is a nechanism which enploys the energy produced by an
expl osive charge to performorinitiate a nmechanical action. A

gartridge actuated device is one type of explosive ordnance
evi ce.

6.2.2 cold Weldina and Fricti‘on Wl dipg,. Wiere interface
contact pressures are high, 'such as on v-band clanp assenblies or
prel oaded release devices for d%PonabIea, the parts nay tend to
adhere to each other due to cold welding or friction welding. ~
Col d wel ding may occur where a device is held under |oad for |ong
periods of time in vacuum conditions. Friction mpldin? may occur
where small notions are induced at the preloaded interfaces as a
result of vibration excitation.

6.2.3 _Contracting Offa. . contracting officer is a
person with the authority to enter into, adninister, or termnate
contracts and nmake related determnations and findings. The term
i ncludes authorized representatives ofthe contracting officer
acting within the limts of their authority as delegated by the
contracting officer.

6.2.4 Critical Comuonent or As-. A critical conponent
or assenbly is one which is not backed up by a redundant unit or
function, and whose failure could cause conplete |oss of the space
vehicle or the loss of a primary portion of the m ssion. An
exanple is the despin bearing assenbly on a dual spin spacecraft.

6.2.5 Dedoidal Condition. .2 sledoidal condition applies to
harnmoni c drives and is the condition where the flerspline is not
concentrically engaged with the circular spline.

6.2. 6 Deplavahle .. A deployable is a device which is noved
by a noving mechanical assembly (e.g., adrive nechanism froma
stowed position on the space vehicle to an extended position -
adj acent to the vehicle. Solar arrays, antennas, experinent
boons, orsun shields are classified as depl oyabl es where they
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meet the above description. The term depl oyable should be
interpreted as inclusive of all devices which are depl oyed,
retracted, or restowed.

6.2.7 _ i i ime. An
el ast ohydr odynam ¢ %EHD; iu%rlcatlon regime Is one in which there

is a sufficient liquid lubricant film thickness in the contact
region between the rolling element and the race to preclude
metal lic asperity contact.

6.2.8 Failure A failure of adeviceorsystemis an event
or condition which' causes the device or system to perform outside
of its specification limts. The failure nodes include those
associated with functional performance, premature operation,
failure to operate at a prescribed time, failure to cease

operation at 8 prescribed tine, and others that are unique to the
devi ce orsystem

6.2.9 Failure Moge, Fffects. and Criticality Analysis
Failure node, effects, and criticality analysis (FMECA) is'a
desi gn eval uation procedure which (8) docunents 811 credible

otential failures in 8 systemor conponent design, (b) determ nes
y single point failure analysistheeffectofeach failure on
system operation, (c) identifies failures critical to operationa
success or personnel safety, or system damage, and (d) ranks each
potential failure according to the conbined influence of failure
effect, severity, and probability of occurrence.

6.2.10 Hunting ToaLl. A hunting tooth design describes a
condi tion where the number of teeth on the driven and driving
gears are selected so that the sane two teeth do not mesh with
each revolution of the larger of the two gears. The nunber of
teeth on each gear should be selected, within the linmts of the

ear ratio requirement, to maxinize the nunber of revolutions
efore meshing of the sane two teeth.

6.2.11 Kinetic Torgue OfF Pafia. The kinetic torque
margin is defined as the ratio of the drive torque |ess resisting
torgpe (torque required to overcone friction and wire harness
bendi ng) divided by torque required for acceleration, mnus one.

The kinetic torque margin expressed in percentage is as follows:

Drive Torque - Resisting Torque 1
= 100 1
Torque Required for Acceleration J
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For linear devices, “Force” replaces ‘Torque” in the
definition so that the Kkinetic force margin is defined as the
ratio of the drive force less the resisting forces divided by
the force required for acceleration, minus one.

The Kkinetic force margin expressed in percentage is as follows:

’— Drive Force - Resisting Force
= 100 -1
| Force Required for Acceleration

6.2.12 Limit Loads Limit loads are defined as the
maximum expected operating loads including dispersions.
6.2.13 Single Poip%h Reilyrze The failure of an element

in a device (or system) represents a single point failure mode
if its failure would cause the device (or system) to fail. A

single point failure mode within a redundant device of a system
is therefore typically not a single point failure node of that

system. If it is, the devices are not completely redundant.
6.2.14 Btatic Toraue or Force Margim. The static torque

margin is defined as the ratio of the drive torque less the
torque required for acceleration divided by the resisting torque
(torque required to overcome friction and wire harness bending),
minus one.

The static torque margi n expressed in percentage is as follows:

rDrive Torque - Drive Torque Required for Acceleration
= 100 l -1

Resisting Torque

For linear devices, ‘Force” replaces “Torque” in the
definition so that the static force margin is defined as the ratio
of the drive force less the force required for acceleration
divided by the resisting force, minus one.

The static force margin expressed in percentage is as follows:

= 100 -1

lﬁ Drive Force - Force Required for Acceleration

[ Resisting Force
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6.2.15 Strength Margins of safety. The strength margin
of safety is the increment by which the yield or ultinate | oad
capability of the structure exceeds the yield or ultimte
aPplled load for a specific condition, expressed as a fraction
of the applied |oad.

. .6.2.16 Ultimate Loads.. Utimte |loads are the product of
[imt loads (see 6.2.12) and the ultinmate factor of safety.

6.2.13 Yleld Loads. Yield |oads are the product oflimt
| oads and the vyield factor of safety.

6.3 Test Pl ans and Procedures. Ihe test requirenents
stated herein are intended to be expanded in the quality
assurance section of the detailed specifications that may be
prepared for each nDV|ng mechani cal assenbly. In any case, the
test requirenments are the basis for preparing detailed test _
plans and test procedures that are required. Pass-fail criteria
shoul d be established forall tests, and should be included in
the test plans and procedures.

~The functional test sufficiency to denonstrate operation
within all the perfornmance requirenents should be described in
the test plans. The test plans should also specify the test
sequence planned for eachlevel of assenbly. In general, the
extensive testing of items atthe |owest |[evel of assenbly has
been foundto be extremely cost effective. The nore reliance
that is ﬁlaced on vehicle or system|levels oftesting, the

hi gher the risk ofnot finding problens that may exist, and the
hi gher the cost ofrepairs, schedule delays, and retests that
may be necessary if problens are found.

For each item acost effective acceptance test sequence
shoul d be determ ned before the start oftesting. Generally,
the test sequence should parallel the exposure to the
environments in the expected flight sequence. However,
following the run-in test, it is permissible to run the nost
perceptive tests next and the nost costly tests last, providing
that this sequence of testing does not cast doubt ont he
adequacy of the teat program. The qualification teat sequence
shoul d generally be the same as the acceptance teat sequence for
each | evel ofassenbly. Although conpletion ofall acceptance
teats may be desirable at the conponent |evel of assenbly, in
some instances it may not be coat effective. For exanple, for
sone electronic devices, the thermal test may be a more
effective acceptance test screen than the required thernal
vacuum t est. In that case, the teat plan should indicate the
intention to conditionally accept the conponent based on the
thermal test, with the thermal vacuum acceptance test
requirements being satisfied during tests at higher |evels of
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assenbly. In addition, some noving nechanical assenblies cannot
be conpletely tested at the conponent |evel because retention

| at ches, nechanical stops, installation attachments or ot her
space vehicle interfaces that arecritical for the proper

performance of the device are not present. In these cases, a
condi tional acceptance at the conponent |evel may be _
recormended. The test items still open would be |isted to avoid

what m ght ot herw se become an oversight in conducting the space
vehicle level acceptance tests or in accepting spare.
conponents.  Test flowdi agrans shoul d be included whi ch show
all functional, acceptance, and qualification tests with a
reference to the applicabl e paragraph ofthe test plan which
describes the pass-fail criteria. Test plans and the criteria
for successful conpliance with the test requirenents should be
prepared on a schedule so that they may be submitted to the
contracting officer at l|east 90 days before initiation of the
tests. Test procedures should be approved by the contracting
officer at |east 30 days before initiation of the tests.

6.4 subject Term (Key Word) Listing

Beari ngs

Brushes

Col d wel ding

Danper s

Def ormabl e materials

Depl oyabl es _

Dry f1lm lubrication _ _
El ast ohydrodynani c | ubrication
Force nmargin

Friction welding

Gears

Hunting tooth _

Ki netic force margin

Kinetic torque nargin

Liquid lubrication

Locki ng devices

Lubricants _
Movi ng mechani cal assenblies
Redundancy

Rel ease devi ces

Retention devices

Run-in

Sequential depl oynent

Slip rings

Snap rings

Springs _

Static force margin

Static torque margin

st ops
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Torque nmargin
Vi scous danpers

6.5 Supersession Data. This issue of ML-A-83577 is a

conpl ete revision that supersedes all previous issues of
DOD- A- 83577 for new designs. The previous issues of DOD-A-83577
remain in effect to cover the procurenent of previously designed

equi pment .

Cust odi an: Preparing Activity:
Air Force - 19 Alr Force - 19

(Project No. 1820-F015)
Doc. 1557b, Arch 1234b

65



M L- A- 83577B (USAF)
01 FEB 1988

THI' S PACGE | NTENTI ONALLY LEFT BLANK

66



M L- A-83577B (8USAF)
01 FE5 19388

| NDEX

Subject Page
Acceptance tests............. . 52,53,57
AlTgnment ... 15,38,48
Appliicable docunents ............. ... ... .

Application ......... .. 1
Assenbly inspection .......... .. ... i, 46,51
Bal | bearings ........... e I 13
Bearing applications requiring low torque ripple ..... 14
Bearing alignment .......... .. ... . . . 15
Beari NgS ... ... 13
Brushes . . . . . .. . e e 19
G assification of inspections and tests .............. 44
Geanliness ....... ... ... 16,23,36,43,47
GearanCe . ..........c.uiiiiiiii, 23,34,38,47,48,49
Cold welding ....... ... 16,60
Commonal ity ..o 1

CoMMUL At OF S .o oot 20

Contact rings (sSlip rings) .......c.oooiiiiiin.. 19
Contamnation . ... 42
COr I OST ON & 8,9,13,17
Craftsmanship ......... . 43
Critical conponent or assenbly......... 17,21,25,45,46,50,60
DANMPEr S o 22,49
Data cards ....... ... 37
Direct current brush notors............... ... .. ....... 22
Dedoidal condition........... ... .. i, 60
Definitions ...... ... . i 60
Deformable materials for danmping ..................... 23
Deployables ...... ... ... i 10,60
Design requirements ... ...t /
DeS|Pn life verification test ............ ... .. ....... 55
Development testsS............. . i, 50
Dry filmlubrication ........... ... .. ... ... .. ..., 18
Dynamic performance ............. i 31
Eddy current danpers.......... .. ..., 23
El ast ohydradynamc lubrication ....................... 18,61
Electric motors.......... T e 20,49
Electrical brushes and slip ring assenblies .......... 19
Electrical and electronic equipment .................. 20
Electrical wiring ......... ... . i 20,47
El ectrostatic discharge........ ... ... ... . . . . . ... ..., 43
Environmental acceptance tests ................... ..., 53
Environnental design requirenments .................... 34
Envi ronnental st ora?e requirements ... 36
Environnental qualification tests .................... 56
Equi prent  safety ........ .. 40



M L- A-83577B %USAF) —
01 FEB 1938

INDEX (Conti nued)

Subiject Page
Error budget . ....... ... 30
Fabrication environment ............. ... .. i, 36
Failure ... ... .. . 8,11,12,29,31,41,58,61
Failure nodes and effects....................... 23,30,39,61
FaSt BNEI S 25,46
Fini Shes .. 9
First assembly inspection .............. ... ... ... ... 51
FOrce mMargin ... 12,33,61
Friction welding ........ ... .. 16,60
Functional acceptance test ........................... 53
Functional and environnental qualification ........... 56
GRAMNS teterecnanronsisessesnnesssassssassanensonasanas 24
Handling . ... 42
Handling environment .......... ... ... ... 36
Harmonic Drives ..... ... .. 25
Human engineering .............. ..., 40
Hum dity and salt spray .............. .. ... ... ....... 35
Huntln?_tooﬁh ......... e 24,61 ~
Identification and marking ............... .. ... . ...... 37
I nspection .......... P 44,45,46,51,56
| nspection of assenblies .......................... 45,46,51
Inspection of parts ........... . .. . 45,46
INSTrUMBNt At ON .ot 29
Interchangeability ...... ... ... . . . . . . 39
Interface requirements . .......... .., 38
Interface tests ... 58
Internal defects ......... ... ... . . . i 46
Kinetic force margin.......... ... ... .. 33,61
Kinetic torque margin. ..........ouuiuiiininnnnnnnnnn.. 33,61
Launch environments .............. ..o .. 34
Limt loads .......... ... .. . i 45,62
Liquid lubrication ......... ... . ... . ... 17,18
Locking devices ............. ... 26
Lubri cant processing procedures ...................... 49
Lubricants ....... .. . . . . . 16
Maintainabi lity ... .. . . 39
MANUf @Ct UM i NQ . . oo 41
Margins ..... 12,21,23,28,31-36,39,46,50,52,54,55,57,59,61-63
Materials allowables ....... T 29
Materials and process selection ...................... 7.8
Mechanical interfaces........ ..., 39
Modifications ......... .. 59
Nonconforming materials......... ... .. i .. 45 -~
NOt BS ottt e 59
Not for Flight ...... ... e 38



M L- A-83577B %USAF)
01 FEB 1988

I NDEX ( Conti nued)

Subi ect Page
Of-nominal operation .......... ... . . ... 32
On-orbit environments ............iiiniiiinnnennnnn. 35
Qperabi lity ..o 39
Order of precedence ............ i 6
QUEQASSI NG « o vt 43
Packagi Ng .. ... 59
Parts, materials, and process controls ............... 41,45
Performance . ........ ... 30
Piece part inspection .............. ... ... . . ... 46
Pin puller ... 12
Potenti OMBtersS ...t 29,57
PreciSion GRarS . .ot 25
Prelaunch validation exercises ....................... 58
Prelaunch validation tests ............... .. ... ....... 58
Pressurized conponents ...............oiiiiiiiiin.. 29
Production lots ... ... 42
Program phases .. ...... o 33
Pyrotechnic devices . ... ... ... ... ... 12,87 ,60
Eﬁalification LeSES oo 54

ality assurance provisSions .............iiiiiiiean.. 44
RECOI S o oot 45
Redundancy ...................... 10-12,21-23,31,32,39,52,55
Rel ease devices ........... i 11
Reliability ... ... 39
Repair ....... e 59
Requi rement weighting factors ........................ 6
Requirenents ........... e 6
Responsibility for conpliance ........................ 44
Reuse of bearings ............ ... 14,59
Retention devices ...........iiiiiii i, 10
ReEte St . 59
RUN-T Nt St o 53
Saf ety . 40
Safety WIring ... 26,48
00 = 1
Screw threads ........... e 25
Selection of parts, materials, and processes ......... I
Sequential deployment ......... ... . ... 11
Service life ... . 40
Single point failures ................. 23,31,39,41,46,48,62
Sinusoidal wvibration ......... ... . . . . 35
SLip rings ... 19
SNAP T NGS ot 27
Space transportation payloads ......................... 40
ORI I NOS oo 22,48



M L- A-83577B %USAF)
01 FEB 1938

I NDEX ( Conti nued)

Subject Page
Static torque or force margin ............. ... ... ... .. 33,62
Stepper MOt oOrS ... 21
SE O S oot 27
Storage ..... e 36,43
Strength margins ............ . i, 27-29,35,63
Structural interface ......... ... .. i, 38
Structure ... 27
Suppl emental SUPpPOrts ... .. 12
Surface defects ........ ... ... .. .. 46
SWitChes .. 29-31,48
Table 1...... e 33
Tailored application ......... ... .. ... . ... 59
Test fiXtUresS .. 12,58
Test points and test parameters ...................... 30
Test plans ... 63
TeSt SEQUENCE . ... 63
TOlEranCes . ... 34
Torque mMargin . ... 21,22,30.61
TOrqQUE MO OIS .ot e 21
Torque vs angle neasurement .......................... 12
Transportation environment ........................... 36
Utimate loads .......... .., 28,39,63
Vehicle level acceptance tests ....................... 57
Vi SCOUS danpersS ... 23,49
Wighting factors .......... ... ... .. ... ... . i 6
Yield loads ...... ... . . 27,28,63

'70



INSTRUCTIONS: 1n a continuing effort to make our standardisation documents better, the DoD provides this form for use in
submitting comments and suggestions for improvements. All usery of military standardization documents are invited to provide
suggestions. This form may be detached, folded along the lines indicated, taped along the loose edge (DO NOT STAPLE), and
mailed. In block B, be as specific as possible about particular problem areas such as wording which required Interpretation, was
ton rigid, restrictive, looes, ambiguous, or was incompatible, and give proposed wording changes which wouild alisviate the
problems. Enter in block 8 any remarks not related to a specific paragraph of the document. If block 7 is filled out, an
scknowiedgement will be mailed to you within 30 days to let you know that your comments were received and are being
considered. ’

NOTE: This form may not be used to request copies of documents, nor to requast waivers, deviations, or clarification of
specification requirements 0a current contracts. Comments submitted on this form do not constitute or imply avthorizstion

to waive any portion of the refermnced dosument(s) or to amend contractual requirements.
0 U™ Sovermment WIvEup OMIe: 10623004 700 004

(Fold slong this line)

(Fold along this line)

NO POSTAGE
NECESSARY
1P MAILED

IN THE

rwirvron o mearews » | BUSINESS REPLY MAIL

FIMSY CLASS PEAMIT NO. 732338 WASM oC

POSTAGE WilLL BE PAID BY NO U.S. AIR FORCGE

SD/ALM

P.0.box 92960

Los Angeles A.F.Base

Lus Angeles, C A 30Cu3-¢Yt0

i
-
°
2
»
d 2




STANDARDIZATION DOCUMENT IMPROVEMENT PROPOSAL
{See Instructions - Reverse Side)

1. DOCUMENT NUMBER 2. DOCUMENT TITLE ASSEMBLIES, MOVING MECHANICAL, FOR SPACE AND

MIL-A-83577B(USAF) LAUNCH VEHICLES, GENERAL SPECIFICATION FOR. .

3¢. NAME OF SUBMITTING ORGANIZATION 4 TYPE OF ORGANIZATION (Mark one}
VENDOR

D USER

D MANUF ACTURER

b. ADDRESS (Sirest. City, Stale, Z1P Code)

D OTHER Specifty)

5 PROBLEM AREAS
a Poragraph Number ond Werding:

b. Recommended Wordwng:

e. Rsason/Rationals tor Recommendation:

6. REMARKS
7. NAME OF SUBMITTER (Laat, First, MI} - Opteonel b WORK TELEPHMONE NUMBEA (/nclude A
Code) — Optionsl|
l
¢. MAILING ADDRESS (Street, City, State, ZIP Code) - Optionsi 8. OATE OF SUBMISSION (Y YMMDD:

DD 'on::aﬂ ‘426 PREVIOUS EDITION IS OBSOLETE



